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(54) Title: HETEROARYL DIAZACY CLOALKANES, THEIR PREPARATION AND USE 



(57) Abstract 



The present invention relates to novel heteroaryl diazacycloalkane derivatives which are found to be cholinergic Ugands at the nicotinic 
Acetyl Choline Receptors. Due to their pharmacological profile the compounds of the invention may be useful for the treatment of diseases 
or disorders as diverse as those related to the cholinergic system of the central nervous system (CNS), diseases or disorders related to 
smooth muscle contraction, endocrine diseases or disorders, diseases or disorders related to neurodegeneration, diseases or disorders related 
to inflammation, pain, and withdrawal symptoms caused by the termination of abuse of chemical substances. 
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CLAIMS 

1 . A diazacycloalkane derivative represented by the general Formula I 

R 1 

I 

(pH 2 ) ra (9H 2 ) n 



10 



15 



N 

A 

5 or a dimeric compound thereof represented by either of Formulae II, III or IV 
R 1 r 1 R 1 B R 1 

(py.<J"i)- (W).>Hi). Wmj H i>« (wy-Y^- 
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(II) (HI) 

R 1 ? 
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R B R 1 

(IV) 

any of its enantiomers or any mixture thereof, an N oxide thereof, a 
pharmaceutical^ acceptable salt thereof, in a labelled or un-labelled form, 

wherein, 

n is 1 , 2 or 3; and 
m is 0, 1 or 2; and 

R represents hydrogen, an alkyl group, a cycloalkyl group, a cycloalkylalkyl 
group, an alkenyl group, an alkynyl group, an aralkyl group, an alkoxypyridyl 
group, or an alkenoxypyridyl group; or 
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"-R-B-R-" in Formula II represents a single bond bridge ("-", i.e. R and B are 
absent), or a bridging group of the formula "R-R-" (i.e. B is absent), or a bridging 
group of the formula "-R-" (i.e. R is absent in only one of the two compounds 
making up the dimeric substance); or 

tt R-B-R 1n in Formula IV represents a single bond bridge ("-", i.e. R, B and R 1 are 
absent), or a bridging group of the formula "R-R 1 -" (i.e. B is absent); or 
U R-B" in Formula IV represents a single bond bridge ("-", i.e. R and B are absent, 
R 1 is present); or 

R and R 1 are identical and represent a monocyclic 5 to 6 mem be red 
heterocyclic group, which heterocyclic group may be substituted one or more 
times with alkyl, alkoxy, cycloalkyl, cycloalkoxy, alkoxycycloalkyl, 
cycloalkoxyalkoxy, cycloalkylalkyl, hydroxyalkoxy, alkenyl, alkoxyalkenyl, alkynyl, 
alkoxyalkynyl, alkenoxy, alkynoxy, alkylthio, alkenylthio, alkynylthio, alkylseleno, 
alkenylseleno, alkynylseleno, methylenedioxy, trifluoromethanesulfonyloxy, 
halogen, -OH, -CF 3 , -OCF 3 , -CN, amino, nitro, oxime, alkyloxime, acyloxime, or a 
group of the formula -COOR 3 , -CONR 2 R 3 , -NH-C0 2 R 2 , -NHCO-R 2 or -OCO- 
NR 2 R 3 ; in which formulae R 2 and R 3 independently of each another represents 
hydrogen or alkyl; and 

R 1 represents a monocyclic 5 to 6 membered heterocyclic group, 

which heterocyclic group may be substituted one or more times with alkyl, 
alkoxy, cycloalkyl, cycloalkoxy, alkoxycycloalkyl, cycloalkoxyalkoxy, 
cycloalkylalkyl, hydroxyalkoxy, alkenyl, alkoxyalkenyl, alkynyl, 
alkoxyalkynyl, alkenoxy, alkynoxy, alkylthio, alkenylthio, alkynylthio, 
alkylseleno, alkenylseleno, alkynylseleno, methylenedioxy, 
trifluoromethanesulfonyloxy, halogen, -OH, -CF 3 , -OCF 3l -CN, amino, nitro, 
oxime, alkyloxime, acyloxime, or a group of the formula -COOR , 
-CONR 2 R 3 , -NH-C0 2 R 2 , -NHCO-R 2 or -OCO-NR 2 R 3 ; in which formulae R 2 
and R 3 independently of each another represents hydrogen or alkyl; or 

which heterocyclic group may be substituted with an aryl group, which aryl 
group may optionally be substituted one or more times with alkyl, 
cycloalkyl, cycloalkylalkyl alkenyl, alkynyl, alkoxy, cycloalkoxy, alkenoxy, 
alkynoxy, methylenedioxy, halogen, -OH, -CF 3 , -OCF 3 , -CN, amino, nitro, 
oxime, alkyloxime, or acyloxime; or 

which heterocyclic group may be substituted with a group of the formula 
"-X-alkyl-Y-alkyr, in which formula X and Y independently of each another 
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represent O (epoxy), S, NH, N-alkyl or Se; and alkyl is optionally 
substituted with alkoxy, or alkylthio; or 

which heterocyclic group may be substituted with a group of the formula 
"-X-(ALK) 0 -aryr, in which formula X represents O, S, NH, N-alkyl or Se; 
"ALK" represents alkyl, alkenyl or alkynyl; aryl is optionally substituted one 
or more times with alkyl, cycloalkyl, cycloalkylalkyl alkenyl, alkynyl, alkoxy, 
cycloalkoxy, alkenoxy, alkynoxy, methylenedioxy, halogen, -OH, -CF 3 , 
-OCF3, -CN, amino, nitro, oxime, alkyloxime, or acyloxime; and o is 0 or 1; 
or 

which heterocyclic group may be substituted with a group of the formula 
U -X-(ALK) 0 -Z", in which formula "ALK" represents alkyl, alkenyl or alkynyl; X 
represents O, S, NH, N-alkyl or Se; Z represents a 5- or 6-membered 
monocyclic heterocyclic group, which heterocyclic group is optionally 
substituted one or more times with alkyl, cycloalkyl, cycloalkylalkyl alkenyl, 
alkynyl, alkoxy, cycloalkoxy, alkenoxy, alkynoxy, methylenedioxy, halogen, 
-OH, -CF 3 , -OCF3, -CN, amino, nitro, oxime, alkyloxime, or acyloxime; and 
o is 0 or 1; or 

which heterocyclic group may be substituted with another monocyclic 5 to 6 
membered heterocyclic group, which additional heterocyclic group may be 
substituted one or more times with alkyl, cycloalkyl; cycloalkylalkyl, alkenyl, 
alkynyl, alkoxy, cycloalkoxy, alkenoxy, alkynoxy, methylenedioxy, halogen, 
-OH, -CF 3l -OCF 3 , -CN, amino, nitro, oxime, alkyloxime, or acyloxime; or 

which heterocyclic group may be substituted with a group of the formula 
"(ALK) 0 -HET\ in which formula "ALK" represents alkyl, alkenyl or alkynyl; o 
is 0 or 1; and HET represents a non-aromatic heterocyclic group; or 

or R 1 represents a bicyclic heterocyclic group, which bicyclic group is 
composed of a 5 to 6 membered monocyclic heterocyclic group fused to a 
benzene ring, 

which bicyclic group may be substituted one or more times with alkyl, 
alkoxy, alkoxy-alkoxy, cycloalkyl, cycloalkoxy, alkoxycycloalkyl, 
cycloalkoxyalkoxy, cycloalkylalkyl, hydroxyalkoxy, alkenyl, alkoxyalkenyl, 
alkynyl, alkoxyalkynyl, alkenoxy, alkynoxy, alkylthio, alkenylthio, alkynylthio, 
alkylseleno, alkenylseleno, alkynylseleho, methylenedioxy, 
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trifluoromethanesulfonyloxy, halogen, -OH, -CF 3 , -OCF 3) -CN, amino, nitro, 
oxime, alkyioxime, acyloxime, or a group of the formula -COOR 3 , 
-CONR 2 R 3 , -NH-C0 2 R 2 , -NHCO-R 2 or -OCO-NR 2 R 3 ; in which formulae R 2 
and R 3 independently of each another represents hydrogen or alkyl; or 

5 

which bicyclic group may be substituted with an aryl group, which aryl 
group is optionally substituted one or more times with alkyl, cycioalkyl, 
cycloalkylalkyl alkenyl, alkynyl, alkoxy, cycloalkoxy, alkenoxy, alkynoxy, 
methylenedioxy, halogen, -OH, -CF 3f -OCF 3 , -CN, amino, nitro, oxime, 
10 alkyioxime, or acyloxime; or 

which bicyclic group may be substituted with an additional monocyclic 5 to 
6 membered heterocyclic group, which additional heterocyclic group is 
optionally substituted one or more times with alkyl, cycioalkyl, 
15 cycloalkylalkyl alkenyl, alkynyl, alkoxy, cycloalkoxy, alkenoxy, alkynoxy, 

methylenedioxy, halogen, -OH, -CF 3l -OCF 3 , -CN, amino, nitro, oxime, 
alkyioxime, or acyloxime; or 

"-R'-B-R 1 -" in Formula III represents a single bond bridge ("-", i.e. R 1 and B are 
20 absent), or a bridging group of the formula "R 1 -R 1 - u (i.e. B is absent), or a 
bridging group of the formula M -R 1 - B (i.e. R 1 is absent in only one of the two 
compounds making up the dimeric substance); or 

tt R 1 -B-R w in Formula IV represents a single bond bridge ("-", i.e. R, B and R 1 are 
absent), or a bridging group of the formula W R 1 -R- U (i.e. B is absent); or 
25 tt R 1 -B B in Formula IV represents a single bond bridge ("-", i.e. R 1 and B are 
absent, R is present); or 

R and/or R 1 , together with the nitrogen atom to which they are attached, 
represent an alkyl-onium salt, a dialkyl-onium salt, a cycloalkyl-onium salt, an 
30 alkyl-cycloalkyl-onium salt, a di cycloalkyl-onium salt, an alkyl-cycloalkylalkyl- 
onium salt, a cycloalkyl-cycloalkylalkyl-onium salt, or a dicycloalkylalkyl-onium 
salt; and 



B represents a single bond bridge ("-", i.e. B is absent), or a bridging element of 
35 the formula "-ALK-", tt -ALK-X-ALK- B , "-X-ALK-X-", "-PHE-", "-X-PHE-X-", or "-ALK- 
PHE-ALK-"; wherein "ALK" represents a single bond bridge (**—** , i.e. ALK is 
absent), or alkyl, alkenyl, or alkynyl; and THE* represents a phenylene 
(benzene-diyl) group; and X represents O, S, NH, N-alkyl or Se. 
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The diazacycloalkane derivative of claim 1 , wherein the diazacycloalkane group 
is imidazoline, pyridine, 1,3-diazacyclohexane, piperazine, homopiperazine, 
1 ,4-di-azacyclooctane, or 1,5-di-azacyclooctane. 

The diazacycloalkane derivative of claim 1, wherein R 1 represents pyridinyl, 
pyridazinyl, quinolinyi or isoquinolinyl, which heteroaryl group is optionally 
substituted one or more times with alkyl, alkoxy, cycloalkoxy, alkoxyalkoxy, 
alkoxyalkenyl, alkoxyalkynyl, alkynyl, alkenyl, alkenylthio, alkylseleno, 
alkoxycycloalkyl, hydroxyalkoxy, alkylthio, arylalkylthio, alkenoxy, alkynoxy, 
carboxylamido, arylalkylthio, arylthio, hydroxy, trifluoromethanesulfonyloxy, 
halogen; phenyl; phenyl substituted with alkyl, alkoxy, hydroxy, amino, or nitro; a 
monocyclic 5 to 6 membered heterocyclic group; a monocyclic 5 to 6 membered 
heterocyclic group substituted with alkyl, alkoxy, hydroxy, amino or nitro; a 
bicyclic heterocyclic group; or a bicyclic heterocyclic group substituted with alkyl, 
alkoxy, hydroxy, amino or nitro. 

The diazacycloalkane derivative of claim 1 , wherein R 1 represents 
5-( 1 -heptyny l)-3-pyridy I ; 
5-(1 -hexynyl)-3-pyridyl; 
5-(1 -pentynyl)-3-pyridyl; 
5-( 1 -butyny l)-3-pyridyl; 
5-( 1 -propy ny l)-3-py ridy I ; 
5-ethylenethicK3-pyridyl; 
5-(1 -propylenethio)-3-pyridyl; 
5-(1 -butylenethio)-3-pyridyl; 
5-(1 -perrtylenethio)-3-pyridyl; 
5-ethyleneseleno-3-pyridyl; 
5-(1 -propyleneseleno)-3-pyridyl; 
5-(1 -butyleneseleno)-3-pyridyl; 
5-(1 -pentyleneseleno)-3-pyridyl; 
5-methylseleno-3-pyridyl; 
5-ethylseleno-3-pyridyl; 
5-propylseleno-3-pyridyI; 
5-butylseleno-3-pyridyl; 
1-[5-1-butyl-N-methylamino)3-pyridyl]; 
5-(N-azacyclobutenyl)-3-pyridyl; 
5-(N-2-pyrrolinyl)-3-pyridinyl; 
5-(N-3-pyrrolinyl)-3-pyridinyl; 
5-N-(1,4,5,64etrahydropyridinyl)-3-pyridyl; 
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5-N-(1 ,2,5,64etrahydropyridinyl)-3-pyridyl; 

5-(homopiperazinyl)-3-pyridyl; 

5,6-dibromo-3-pyridyl; 

5- bromo-6-chloro-3-pyridyl; 

6- bromo-5-chloro-3-pyridyl; 
6-bromo-3-pyridyl; 
5,6-dichloro-3-pyridyl; 
6-fluoro-3-pyridyl; 
6-iodo-3-pyridyl; 
5-chloro-6-fluoro-3-pyridyl; 
5-chloro-6-iodo-3-pyridyl; 
5-bromo-6-fluoro-3-pyridyl; 

5- bromo-6-iodo-3-pyridyl; 

6- fluoro-pyridazinyl; 
6-iodopyridazinyl; 
5-pentyloxy-3-pyridyl; 
5-(frans-hex-2-en-1 -yl-oxy)-3-pyridyl; 
5-butoxy-3-pyridyl; 
5-methoxy-3-pyridyl; 
5-propyloxy-3-pyridyl; 
5-homopiperazinyl-3-pyridyl; 
5-ethoxy-3-pyridyl; 

5-propyl-1 ,2-epoxy-1-oxy-3-pyridyl; 

5-phenylacetylenyl-3-pyridyl; 

5-(2-ethyl-1 -butoxy)-3-pyridyl; 

5-(1 -methyM -prop-2-en-oxy)-3-pyridyl; 

5-(cyclobutylmethoxy)-3-pyridyl; 

5-(hex-2-en»oxy)-3-pyridyl; 

5-(2-methyl-1-prop-1-en-oxy)-3-pyridyl; 

5-( 1 -piperidinyl)~3-pyridyl; 

5-(N-azacycloheptyl)-3-pyridyl; 

5-(N-azacyclooctanyl)-3-pyridyl; or 

5-(1-morpholinyl)-3-pyridyl. 

The diazacycloalkane derivative of Formula I of claim 1, said compound being 
5-(1-heptynyl)-3-pyridyl-homopiperazine; 
5~(1-hexynyl)-3-pyridyl-homopiperazine; 
5-(1-pentynyl)-3-pyridyl-homopiperazine; 
5-(1-butynyl)-3-pyridyl-homopiperazine; 
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5-(1-propynyl)-3-pyridyl-homopiperazine; 

5-ethylenethio-3-pyridyl-homopiperazine; 

5-(1-propyIenethio)-3-pyridyl-homopiperazine; 

5-(1-butylenethio)-3-pyridyl-homopiperazine; 

5-(1-pentylenethio)-3-pyridyl-homopiperazine; 

5-ethyleneseleno-3-pyridyl-homopiperazine; 

5-(1-propyleneseleno)-3-pyridyl-homopiperazine; 

5-( 1 -butyleneseleno)-3-pyridyl-homopiperazine; 

5-(1 -pentyleneseleno)-3-pyridyl-homopiperazine; 

5-methylseleno-3-pyridyl-homopiperazine; 

5-ethylseleno-3-pyridyl-homopiperazine; 

5-propylseleno-3-pyiidyl-homopiperazine; 

5-butylseleno-3-pyridyl-homopiperazine; 

5-(1-azacyclobutene)-3-pyridyl-homopiperazine; 

5-(dihydro-pyrrole)-3-pyridyl-homopiperazine; 

5-(tetrahydropyridine)-3-pyridyl-homopiperazine; 

5- (homopiperazine)-3-pyridyl-homopiperazine; 
S.B-dichloro-S-pyridyl-homopiperazine; 

6- fluoro-3-pyridyl-homopiperazine; 
6-iodo-3-pyridyl-homopiperazine; 
5-chloro-6-fluoro-3-pyridyl-homopiperazine; 
5-chloro-6-iodo-3-pyridyl-homopiperazine; 
5-bromo-6-fluoro-3-pyridyl-homopiperazine; 

5- bromo-6-iodo-3-pyridyl-homopiperazine; 

6- fluoro-pyridazine-hornopiperazine; 
6-iodopyridazine-homopiperazine; 
5-pentyIoxy-3-pyridyl-homopiperazine; 
5-pentyloxy-3-pyridyl-piperazine; 
5-(f/a/7s-hex-2-en-1-yl-oxy)-3-pyridyl-homopiperazine; 
5-(f/Bns-hex-2-en-1-yl-oxy)-3-pyridyl-piperazine; 
5-butoxy-3-pyridyl-1 ,5-diazacyclooctane; 
5-methoxy-3-pyridyl-4-ethyl-piperazine; 

4- methyH-(5^propyloxy-3-pyridyl)-piperazine; 

5- ethoxy-3-pyridyl-4-ethyl-homopiperazine; 
5-ethoxy-3-pyridyI-4-propyl-homopiperazine; 
5-ethoxy-3-py ridyl-4-(prop-2-en- 1 -yl)-homopiperazine; 
5-propyl-1 ,2-epoxy-1 -oxy-3-pyridyl-homopiperazine; 
5-phenylacetylenyl-3-pyridyl-homopiperazine; 

1 -(5-(2-ethyl-1 -birtoxy)-3-pyridyl)-homopiperazine; 
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1 -(5-(1 -methyl-1 -prop-2-en-oxy)-3-pyridyl)-homopiperazine; 

1-(5-(cyclobutylmethoxy)-3-pyridyl)-homopiperazine; 

1-(5-(hex-2-en-oxy)-3-pyridyl)-homopiperazine; 

1 -(5-(2-methyM -prop-1 -en-oxy)-3-pyridyl)-homopiperazine; 

1 ,4-B/s-[5-ethoxy-3-pyridyl]-homopiperazine; 

l,4-S/s-[5-(1-propyl-1^n-oxy)-3"pyridyl]-homopiperazine; 

I -(5-lodo-3~pyridyl)-homopiperazine; 

l-[5-(N-Azetidinyl)-3-pyridyl]-homopiperazine; 

l,4-B/s-[5-(vinyl-oxy)-3-pyridyl]-homopiperazine; 

I -[5-Phenyl-2-eth-1 -yl-3-pyridyl]-homopiperazine; 

l-[5-Ethyl-3-pyridyl]-homopiperazine; 

I -[3-(4-Chloro-1 ,2,5-thiadiazolyl)]-homopiperazine; 

l-(5-Chloro-3-pyridyl)-homopiperazine; 

l-(5-Bromo-3-pyridyl)-homopiperazine; 

l-[5-Chloro-3-pyridyl]-1 ,5-diazacyclooctane; 

I -[5-Bromo-3-pyridyl]-1 ,5-diazacyclooctane; 

I -(3-Pyridyl)-1 ,5-diazacyclooctane; 

l-(6-Amino-3-pyridyl)-homopiperazine; 

I -(6-Nitro-3-pyridyl)-homopiperazine; 

l-[3-(1 ,2,5-thiadiazolyl)]-homopiperazine; 

l-[3-(1,3 f 4-thiadiazolyl)]-homopiperazine; 

l-(6-Fluoro-5-ethynyl-3-pyridyl)-homopiperazine; 

l-(6-Chloro-5^thyhyI-3-pyridyl)-homopiperazine; 

l-(6-Bromo-5-ethynyl-3-pyridyl)-homopiperazine; 

l-(6-lodo-5-ethynyl-3-pyridyl)-homopiperazine; 

I -(6-Fluoro-5-propy n-1 -y l-3-py ridy l)-homopiperazine; 

I -(6-Chloro-5-propyn-1 -yl-3-py ridyl)-homopiperazine; 

I -(6-Bromo-5-propyn-1 -yl-3-pyridy l)-homopiperazine; 

I -(6-lodo-5-propyn-1 -yl-3-pyridyl)-homopiperazine; 

I -(6-Fluoro-5-butyn-1 -yl-3-pyridyl)-homopiperazine; 

l-(6-Chloro-5-butyn-1-yl-3-pyridyl)-homopiperazine; 

I -(6-Bromo-5-butyn-1 -yl-3-pyridyl)-homopiperazine; 

I -(6-l0do-5-butyn- 1 -y l-3-pyridy l)-homopiperazine; 

l-(6-Fluoro-5-pentyn-1-yl-3-pyridyl)-homopiperazine; 

l-(6-Chloro-5-pentyn-1-yl-3-pyridyl)-homopiperazine; 

l-(6-Bromo-5-pentyn-1-yl-3-pyridyl)-homopiperazine; 

i-(6-lodo-5-pentyn-1-yl-3-pyridyl)-homopiperazine; 

-(6-Fluoro-5-ethenyl-3-pyridyl)-homopiperazine; 

-(6-Chloro-5-ethenyl-3-pyridyl)-homopiperazine; 
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1-(6-Bromo-5-ethenyl-3-pyridyl)-homopipera2ine; 

1-(6-lcxJo-5-ethenyl-3-pyriclyl)-homopipera2ine; 

1 -(6-Fluoro-5-propen-1 -yl-3-pyridyl)-homopiperazine; 

1 -(6-Chloro5-propen-1 -yl-3-pyridy l)-homopiperazine; 

1 -(6-Bromo-5-propen-1 -yi-3-pyridyl)-homopipera2ine; 

1 -(6-lodo-5-propen-1 -y l-3-pyridyl)-homopiperazine; 

1 -(6-Fluoro-5-buten-1 -yl-3-pyridyl)-homopiperazine; 

1-(6-Chloro-5-buten-1-yl-3-pyridyl)-homopiperazine; 

1-(6-Bromo-5-butyn-1-yl-3-pyridyl)-homopiperazine; 

1-(6-lcxlo-5-buten-1-yl-3-pyridyl)-homopiperazine; 

t-(6-Fluoro-5-penten-1-yl-3-pyridyl)-homopiperazine; 

I -(6-Chloro-5-penten-1 -yl-3-pyridy l)-homopiperazine; 

l-(6-Bromo-5-penten-1-yl-3-pyridyl)-homopiperazine; 

I -(6-lodo-5-penten-1 -yl-3-pyridyl)-homopiperazine; 

I -(6-Fluoro-5-ethyl-3-pyridyl)-homopiperazine; 

l-(6-Chloro-5-ethyl-3-pyridyl)-homopiperazine; 

l-(6-Bromo-5-ethyl-3-pyridyl)-homopiperazine; 

l-(6-lodo-5*ethyl-3-pyridyl)-homopiperazine; 

l-(6-Fluoro-5-prop-1-yl-3-pyridyl)-homopiperazine; 

l-(6-Chlpro-5-prop-1-yl-3-pyridyl)-homopiperazine; 

I ~(6-Bromo-5-prop-1 -y!-3-pyridy l)-homopiperazine; 

l-(6-lodo-5-prop-1-yl-3-pyridyl)-homopiperazine; 

l-(6-Fluoro-5-but-1-yl-3-pyridyl)-homopiperazine; 

I -(6-Chloro-5-but-1 -y k3-pyridyl)-homopiperazine; 

l-(6-Bromo-5-but-1-yl-3-pyridyl)-homopiperazine; 

I ~(6-lodo-5-but-1 -y l-3-pyridyl)-homopiperazine; 

l-(6*Fluoro-5-pent-1-yl-3-pyridyl)-homopiperazine; 

l-(6-Chloro-5-pent-1-yl-3-pyridyl)-homopiperazine; 

l-(6-Bromo-5»pent-1-yl-3-pyridyl)-homopiperazine; 

l-(6-lodo-5-pent-1-yl-3-pyridyl)-homopiperazine; 

I -(6-Bromo-5-methoxy-3-pyridy l)-homopiperazine; 

I -(6-Ch loro-5-methoxy-3-py ridy l)-homopiperazine ; 

l-(6-Fluoro-5-methoxy-3-pyridyl)-homopiperazine; 

l-(6-lodo-5-methoxy-3-pyridyl)-homopiperazine; 

l-(6-Chloro-5-ethoxy-3-pyridyl)-homopiperazine; 

l-(6-Fluoro-5-ethoxy-3-pyridyl)-homopiperazine; 

l-(6-lodo5-ethoxy-3-pyridyl)-homopiperazine; 

-(6-Bromo-5-propyloxy-3-pyridyl)-homopiperazine; 

-(6-Chloro-5-propyloxy-3-pyridyl)-homopiperazine; 
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1-(6-Fluoro-5-propyloxy-3-pyridyI)-homopiperazine; 

1 -(6-Iodo-5-propyldxy-3-pyridyl)-homopiperazine; 

1 -(6-Bromo-5-vinyloxy-3-pyridyl)-homopiperazine; 

1-(6-Chloro-5-vinyloxy-3-pyridyl)-homopiperazine; 

1-(6-Fluoro-5-vinyloxy-3-pyridyl)-homopiperazine; 

1 -(6-lodo-5-vinyloxy-3-pyridyl)-homopiperazine; 

1-(3-Pyridyl)-1 ,5-diazacyclooctane; 

1-(6-Nitro-3-pyridyl)-homopiperazine; 

1-(6-Amino-3-pyridyl)-homopiperazine; 

1 -(6-Fluoro-5-ethynyl-3-pyridyl)»homopiperazine; 

1*(6-Chloro-5-ethynyl*3-pyridyl)-homopiperazine; 

1-(6-Bromo-5-ethynyl-3-pyridyl)-homopiperazine; 

1-(6-lodo-5^thynyl-3-pyridyl)-homopiperazine; 

1 -(6-Fluoro-5-propyn-1 -yl-3-pyridyl)-homopiperazine; 

1 -(6-Chloro-5-propyn-1 -yl-3~pyridyl)-homopiperazine; 

1-(6-Bromo-5-propyn-1-yl-3-pyridyl)-homopiperazine; 

1-(6-Iodo-5-propyn-1-yl-3-pyridyl)-homopiperazine; 

1 -(6-Fluoro-5-butyn-1 -yl-3-pyridyl)-homopiperazine; 

1 -(6-Chloro-5-butyn-1 -yl-3-py ridyl)-homopiperazine; 

1 -(6-Bromo~5-butyn-1 -yl-3-py ridyl)-homopiperazine; 

1-(6-lodo-5-butyn-1-yl-3-pyridyl)-homopiperazine; 

1 -(6-FIuoro-5-pentyn-1 -yl-3-pyridyl)-homopiperazine; 

1 -(6-Chloro-5-pentyn-1 -yl-3-pyridyl)-homopiperazine; 

1 -(6-Bromo5-pentyn-1 -yl-3-pyridy l)-homopiperazine; 

1 -(6-lodo-5-pentyn-1 -yl-3-pyridyl)-homopiperazine; 

1-(5-Ethenyl-3-pyridyl)-homopiperazine; 

1 -(5-Propen-1 -y l-3-pyridyl)-homopiperazine; 

1-(5-buten-1-yl-3-pyridyl)-homopiperazine; 

1 «(5-Penten-1 -yl-3-pyridyl)-homopiperazine; 

1 -(5-Prop-1 -yl-3-pyridyl)-homopiperazine ; 

1 -(5-But-1 -yl-3-py ridyl)-homopiperazine; or 

1 -(5-Pent-1 -yl-3-pyridyl)-homopiperazine; 

any of its enantiomers or any mixture thereof, an N oxide thereof, a 
pharmaceutical^ acceptable salt thereof, in a labelled or un-labelled form. 

The diazacycloalkane derivative of Formula III of claim 1, wherein M -R 1 -B-R 1 - w 
represents a single bond bridge ("-", i.e. R 1 and B are absent), or a bridging 
group of the formula a R 1 -R 1 - tt (i.e. B is absent), or a bridging group of the formula 
"-R 1 -" (i.e. R 1 is absent in only one of the two compounds making up the dimeric 
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substance); or B is a bridging group of the formula "-X-ALK-X-", wherein "ALK n 
represents Ci^-alkyl; or B is a bridging group of the formula "-ALK-PHE-ALK-", 
wherein "ALK" represents C^-alkyl, and THE" represents a phenylene group. 

5 7. The diazacycloalkane derivative of claim 6, said compound being 
3,5-B/s-(N,N '-homopiperazinyl)-pyridine; 

l^-fo^a'-B/s^S-Ethoxy-S-pyridyl'l-homopiperazinyOl-dimethylbenzene; 
1,4~[a,a'-B/s-(6-Chloro-3-pyridaz^ 
0,0'-B/s-[5-(1-homopiperazinyl)-3-pyridyl]-ethyleneglycol; or 
10 Homopiperazinyl-5-pyrid-3-yl-5-pyrid-3-yl-homopiperazine; 

any of its enantiomers or any mixture thereof, an N oxide thereof, a 
pharmaceutical^ acceptable salt thereof, in a labelled or un-labelled form. 

8. A pharmaceutical composition comprising a therapeutically-effective amount of a 
15 diazacycloalkane derivative of any of the claims 1-7, or a pharmaceutically- 

acceptable addition salt thereof, together with at least one pharmaceutically- 
acceptable carrier or diluent 

9. Use of a diazacycloalkane derivative of any of claims 1-7, or a pharmaceutically- 
20 acceptable addition salt thereof, for the manufacture of a pharmaceutical 

composition for the diagnosis, treatment, prevention or alleviation of a disease or 
a disorder or a condition of a mammal, including a human, which disease, 
disorder or condition is responsive to the activity of nAChR modulators. 

25 10. The use according to claim 9, wherein the disease to be treated is pain, a 
disease in the central or peripheral system, a disease caused by smooth muscle 
contraction, neurodegeneration, inflammation, chemical substance abuse or 
withdrawal symptoms caused by the cessation of intake of the chemical 
substance, such as assistance in the cessation of smoking. 

30 

11. The use according to claim 9, wherein a disease in the central or peripheral 
system is Alzheimer's disease, Parkinson's disease, memory dysfunction or 
attention deficit hyperactivity disorder. 

35 12. A method of diagnosis, treatment, prevention or alleviation of a disease or a 
disorder or a condition of a living animal body, including a human, which 
disorder, disease or condition is responsive to the activity of nAChR modulators, 
comprising the step of administering to such a living animal body, including a 
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human, in need thereof a therapeutically effective amount of a diazacycloalkane 
derivative of any of the claims 1-7. 

13. The method according to claim 12, wherein pain, a disease in the central or 
5 peripheral system, a disease caused by smooth muscle contraction, 
neurodegeneration, inflammation, chemical substance abuse or withdrawal 
symptoms caused by the cessation of intake of chemical substances, such as 
smoking cessation, is treated. 



10 14. 



The method according to claim 12, wherein a disease in the central or peripheral 
system, said disease being Alzheimer's disease, Parkinson's disease, memory 
dysfunction or attention deficit hyperactivity disorder, is treated. 
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HETEROARYL DIAZACYCLOALKANES, THEIR PREPARATION AND USE 

TECHNICAL FIELD 

5 The present invention relates to novel heteroaryl diazacycloalkane 

derivatives which are found to be cholinergic ligands at the nicotinic acetyl choline 
receptors. 

Due to their pharmacological profile the compounds of the invention may be 
useful for the treatment of diseases or disorders as diverse as those related to the 
10 cholinergic system of the central nervous system (CNS), diseases or disorders related 
to smooth muscle contraction, endocrine diseases or disorders, diseases or disorders 
related to neurodegeneration, diseases or disorders related to inflammation, pain, and 
withdrawal symptoms caused by the termination of abuse of chemical substances. 

15 BACKGROUND ART 

The endogenous cholinergic neurotransmitter, acetylcholine, exert its 
biological effect via two types of cholinergic receptors, the muscarinic Acetyl Choline 
Receptors (mAChR) and the nicotinic Acetyl Choline Receptors (nAChR). 

20 As it is well established that muscarinic acetyl choline receptors dominate 

quantitatively over nicotinic acetyl choline receptors in the brain area important to 
memory and cognition, and much research aimed at the development of agents for 
the treatment of memory related disorders have focused on the synthesis of 
muscarinic acetyl choline receptor modulators. 

25 Recently, however, an interest in the development of nAChR modulators 

has emerged. Several diseases are associated with degeneration of the cholinergic 
system i.e. senile dementia of the Alzheimer type, vascular dementia and cognitive 
impairment due to the organic brain damage disease related directly to alcoholism. 
Indeed several CNS disorders can be attributed to a cholinergic deficiency, a 

30 dopaminergic deficiency, an adrenergic deficiency or a serotonergic deficiency. 

SUMMARY OF THE INVENTION 

The present invention is devoted to the provision novel nicotinic receptor 
35 modulators, which modulators are useful for the treatment of diseases or disorders 
related to the cholinergic receptors, and in particular the nicotinic acetyl choline 
receptor (nAChR). 

Due to their pharmacological profile the compounds of the invention may 
be useful for the treatment of diseases or disorders as diverse as those related to the 
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cholinergic system of the central nervous system (CNS), diseases or disorders related 
to smooth muscle contraction, endocrine diseases or disorders, diseases or disorders 
related to neurodegeneration, diseases or disorders related to inflammation, pain, and 
withdrawal symptoms caused by the termination of abuse of chemical substances. 
5 The compounds of the invention may also be useful as diagnostic tools or 

monitoring agents in various diagnostic methods, and in particular for in vivo receptor 
imaging (neuroimaging), and they may be used in labelled or unlabelled form. 

In its first aspect the invention provides novel diazacycloalkane derivatives 
represented by the general Formula I 



10 




R B R1 



(IV) 

any of its enantiomers or any mixture thereof, an N oxide thereof, a 
15 pharmaceutical^ acceptable salt thereof, in a labelled or un-labelled form, 
wherein, 

n is 1, 2 or 3; and 
m is 0, 1 or 2; and 
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R represents hydrogen, an alkyl group, a cycloalkyl group, a cycloalkylalkyl 
group, an alkenyl group, an alkynyl group, an aralkyl group, an alkoxypyridyl group, or 
an alkenoxypyridyl group; or 

tt -R-B-R- w in Formula II represents a single bond bridge ( tt - w , i.e. R and B are 
5 absent), or a bridging group of the formula "R-R-" (i.e. B is absent), or a bridging 
group of the formula "-R-" (i.e. R is absent in only one of the two compounds making 
up the dimeric substance); or 

"R-B-R 1 " in Formula IV represents a single bond bridge ("-", i.e. R, B and R 1 
are absent), or a bridging group of the formula "R-R 1 -" (i.e. B is absent); or 
10 "R-B" in Formula IV represents a single bond bridge ("-", i.e. R and B are 

absent, R 1 is present); or 

R and R 1 are identical and represent a monocyclic 5 to 6 membered 
heterocyclic group, which heterocyclic group may be substituted one or more times 
with alkyl, alkoxy, cycloalkyl, cycloalkoxy, alkoxycycloalkyl, cycloalkoxyalkoxy, 
15 cycloalkylalkyl, hydroxyalkoxy, alkenyl, alkoxyalkenyl, alkynyl, alkoxyalkynyl, alkenoxy, 
alkynoxy, alkylthio, alkenyfthio, alkynylthio, alkylseleno, alkenylseleno, alkynylseleno, 
methylenedioxy, trifluoromethanesulfonyloxy, halogen, -OH, -CF 3 , -OCF 3 , -CN, amino, 
nitro, oxime, alkyloxime, acyloxime, or a group of the formula -COOR 3 , -CONR 2 R 3 , 
-NH-C0 2 R 2 , -NHCO-R 2 or-OCO-NR 2 R 3 ; in which formulae R 2 and R 3 independently of 
20 each another represents hydrogen or alkyl; and 

R 1 represents a monocyclic 5 to 6 membered heterocyclic group, 
which heterocyclic group may be substituted one or more times with alkyl, 
alkoxy, cycloalkyl, cycloalkoxy, alkoxycycloalkyl, cycloalkoxyalkoxy, cycloalkylalkyl, 
hydroxyalkoxy, alkenyl, alkoxyalkenyl, alkynyl, alkoxyalkynyl, alkenoxy, alkynoxy, 
25 alkylthio, alkenytthio, alkynylthio, alkylseleno, alkenylseleno, alkynylseleno, 
methylenedioxy, trifluoromethanesulfonyloxy, halogen, -OH, -CF 3 , -OCF 3 , -CN, amino, 
nitro, oxime, alkyloxime, acyloxime, or a group of the formula -COOR 3 , -CONR 2 R 3 , 
-NH-CO2R 2 , -NHCO-R 2 or -OCO-NR 2 R 3 ; in which formulae R 2 and R 3 independently of 
each another represents hydrogen or alkyl; or 
30 which heterocyclic group may be substituted with an aryl group, which aryl 

group may optionally be substituted one or more times with alkyl, cycloalkyl, 
cycloalkylalkyl alkenyl, alkynyl, alkoxy, cycloalkoxy, alkenoxy, alkynoxy, 
methylenedioxy, halogen, -OH, -CF 3) -OCF 3 , -CN, amino, nitro, oxime, alkyloxime, 
acyloxime; or 

35 which heterocyclic group may be substituted with a group of the formula "- 

X-alkyl-Y-alkyl", in which formula X and Y independently of each another represent O 
(epoxy), S, NH, N-alkyl or Se; and alkyl is optionally substituted with alkoxy, or 
alkylthio; or 
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which heterocyclic group may be substituted with a group of the formula u - 
X-(ALK) 0 -aryr, in which formula X represents O, S, NH, N-alkyl or Se; "ALK" 
represents alkyl, alkenyl or alkynyl; aryl is optionally substituted one or more times 
with alkyl, cycloalkyl, cycloalkylalkyl alkenyl, alkynyl, alkoxy, cycloalkoxy, alkenoxy, 
5 alkynoxy, methylenedioxy, halogen, -OH, -CF 3 , -OCF 3 , -CN, amino, nitro, oxime, 
alkyloxime, acyloxime; and o is 0 or 1 ; or 

which heterocyclic group may be substituted with a group of the formula 
U -X-(ALK) 0 -Z", in which formula w ALK n represents alkyl, alkenyl or alkynyl; X represents 
O, S, NH, N-alkyl or Se; Z represents a 5- or 6-membered monocyclic heterocyclic 
10 group, which heterocyclic group is optionally substituted one or more times with alkyl, 
cycloalkyl, cycloalkylalkyl alkenyl, alkynyl, alkoxy, cycloalkoxy, alkenoxy, alkynoxy, 
methylenedioxy, halogen, -OH, -CF 3 . -OCF 3 , -CN, amino, nitro, oxime, alkyloxime, 
acyloxime; and o is 0 or 1; or 

which heterocyclic group may be substituted with another monocyclic 5 to 6 
15 membered heterocyclic group, which additional heterocyclic group may be substituted 
one or more times with alkyl, cycloalkyl, cycloalkylalkyl, alkenyl, alkynyl, alkoxy, 
cycloalkoxy, alkenoxy, alkynoxy, methylenedioxy, halogen, -OH, -CF 3 , -OCF 3l -CN, 
amino, nitro, oxime, alkyloxime, acyloxime; or 

which heterocyclic group may be substituted with a group of the formula 
20 "(ALK)o-HET, in which formula "ALK" represents alkyl, alkenyl or alkynyl; o is 0 or 1; 
and HET represents a non-aromatic heterocyclic group; or 

or R represents a bicyclic heterocyclic group, which bicyclic group is 
composed of a 5 to 6 membered monocyclic heterocyclic group fused to a benzene 
ring, 

25 which bicyclic group may be substituted one or more times with alkyl, 

alkoxy, alkoxy-alkoxy, cycloalkyl, cycloalkoxy, alkoxycycloalkyl, cycloalkoxyalkoxy, 
cycloalkylalkyl, hydroxyalkoxy, alkenyl, alkoxyalkenyl, alkynyl, alkoxyalkynyl, alkenoxy, 
alkynoxy, alkylthio, alkenylthio, alkynylthio, alkylseleno, alkenylseleno, alkynylseleno, 
methylenedioxy, trifluoromethanesulfonyloxy, halogen, -OH, -CF 3 , -OCF 3 , -CN, amino, 

30 nitro, oxime, alkyloxime, acyloxime, or a group of the formula -COOR 3 , -CONR 2 R 3 , 
-NH~C0 2 R 2 , -NHCO-R 2 or-OCO-NR 2 R 3 ; in which formulae R 2 and R 3 independently of 
each another represents hydrogen or alkyl; or 

which bicyclic group may be substituted with an aryl group, which aryl 
group is optionally substituted one or more times with alkyl, cycloalkyl, cycloalkylalkyl 

35 alkenyl, alkynyl, alkoxy, cycloalkoxy, alkenoxy, alkynoxy, methylenedioxy, halogen, 
-OH, -CF 3 , -OCF 3 , -CN, amino, nitro, oxime, alkyloxime, acyloxime; or 

which bicyclic group may be substituted with an additional monocyclic 5 to 
6 membered heterocyclic group, which additional heterocyclic group is optionally 
substituted one or more times with alkyl, cycloalkyl, cycloalkylalkyl alkenyl, alkynyl, 
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alkoxy, cycloalkoxy, alkenoxy, alkynoxy, methylenedioxy, halogen, -OH, -CF 3 , -OCF 3 , 
-CN, amino, nitro, oxime, alkyloxime, acyloxime; or 

tt -R 1 -B-R 1 -" in Formula III represents a single bond bridge ("-", i.e. R 1 and B 
are absent), or a bridging group of the formula "R 1 -R 1 -" (i.e. B is absent), or a bridging 
5 group of the formula "-R 1 -" (i.e. R 1 is absent in only one of the two compounds making 
up the dimeric substance); or 

U R 1 -B-R" in Formula IV represents a single bond bridge ("-", i.e. R, B and R 1 
are absent), or a bridging group of the formula "R 1 -R-" (i.e. B is absent); or 

tt R 1 -B" in Formula IV represents a single bond bridge ("-", i.e. R 1 and B are 

10 absent, R is present); or 

R and/or R 1 , together with the nitrogen atom to which they are attached, 
represent an alkyl-onium salt, a dialkyl-onium salt, a cycloalkyl-onium salt, an alkyl- 
cycloalkyl-onium salt, a dicycloalkyl-onium salt, an alkyl-cycloalkylalkyl-onium salt, a 
cycloalkyl-cycloalkylalkyl-onium salt, or a dicycloalkylalkyl-onium salt; and 

15 B represents a single bond bridge ("-", i.e. B is absent), or a bridging 

element of the formula u -ALK- n , "-ALK-X-ALK-", "-X-ALK-X-", "-PHE-", "-X-PHE-X-", or 
"-ALK-PHE-ALK-"; wherein "ALK" represents a single bond bridge ("-", i.e. ALK is 
absent), or alkyl, alkenyl, or alkynyl; and THE" represents a phenylene (benzene-diyl) 
group; and X represents O, S, NH, N-alkyl or Se. 

20 In another aspect the invention provides pharmaceutical compositions 

comprising a therapeutically-effective amount of a diazacycioalkane derivative of the 
invention, or pharmaceutically-acceptable addition salts thereof, together with at least 
one pharmaceutically-acceptable carrier or diluent. 

In a third aspect the invention relates to the use of the diazacycioalkane 

25 derivatives of the invention for the manufacture of a pharmaceutical composition for 
the diagnosis, treatment, prevention or alleviation of a disease or a disorder or a 
condition of a mammal, including a human, which disease, disorder or condition is 
responsive to the activity of nAChR modulators. 

In a fourth aspect the invention provides a method for diagnosis, treatment, 

30 prevention or alleviation of a disease or a disorder or a condition of a living animal 
body, including a human, which disorder, disease or condition is responsive to the 
activity of nAChR modulators, comprising the step of administering to such a living 
animal body, including a human, in need thereof a therapeutically effective amount of 
a diazacycioalkane derivative of the invention. 

35 Other objects of the invention will be apparent to the person skilled in the art 

from the following detailed description and examples. 
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DETAILED DISCLOSURE OF THE INVENTION 

Diazacycloalkane Derivatives 

In a first aspect novel diazacycloalkane derivatives are provided. The 
5 diazacycloalkane derivatives of the invention may be represented by the general 
Formula I 

R 1 



or they may be dimeric compounds thereof represented by any of the 
Formulae II, III or IV 

f f f B f 

i I i 



B 



10 (») (I'D 

N N 

I 

B R 1 



(IV) 

in which formulae, 
n is 1 , 2 or 3; and 
m is 0, 1 or 2; and 

15 R represents hydrogen, an alkyl group, a cycloalkyl group, a cycloalkylalkyl 

group, an alkenyl group, an alkynyl group, an aralkyl group, an alkoxypyridyl group, or 
an alkenoxypyridyl group; or 
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"-R-B-R-" in Formula II represents a single bond bridge ("-", i.e. R and B are 
absent), or a bridging group of the formula W R-R- U (i.e. B is absent), or a bridging 
group of the formula "-R-" (i.e. R is absent in only one of the two compounds making 
up the dimeric substance); or 
5 M R-B-R 1n in Formula IV represents a single bond bridge ("-", i.e. R, B and R 1 

are absent), or a bridging group of the formula "R-R 1 -" (i.e. B is absent); or 

"R-B" in Formula IV represents a single bond bridge ("-", i.e. R and B are 
absent, R 1 is present); or 

R and R 1 are identical and represent a monocyclic 5 to 6 mem be red 
10 heterocyclic group, which heterocyclic group may be substituted one or more times 
with alkyl, alkoxy, cycloalkyl, cycloalkoxy, alkoxycycloalkyl, cycloalkoxyalkoxy, 
cycloalkylalkyl, hydroxyalkoxy, alkenyl, alkoxyalkenyl, alkynyl, alkoxyalkynyl, alkenoxy, 
alkynoxy, alkylthio, alkenylthio, alkynylthio, alkylseleno, alkenylseleno, alkynylseleno, 
methylenedioxy, trifluoromethanesulfonyloxy, halogen, -OH, -CF 3 , -OCF 3) -CN, amino, 
15 nitro, oxime, alkyloxime, acyloxime, or a group of the formula -COOR 3 , -CONR 2 R 3 , 
-NH-C0 2 R 2 , -NHCO-R 2 or -OCO-NR 2 R 3 ; in which formulae R 2 and R 3 independently of 
each another represents hydrogen or alkyl; and 

R 1 represents a monocyclic 5 to 6 mernbered heterocyclic group, 
which heterocyclic group may be substituted one or more times with alkyl, 
20 alkoxy, cycloalkyl, cycloalkoxy, alkoxycycloalkyl, cycloalkoxyalkoxy, cycloalkylalkyl, 
hydroxyalkoxy, alkenyl, alkoxyalkenyl, alkynyl, alkoxyalkynyl, alkenoxy, alkynoxy, 
alkylthio, alkenylthio, alkynylthio, alkylseleno, alkenylseleno, alkynylseleno, 
methylenedioxy, trifluoromethanesulfonyloxy, halogen, -OH, -CF 3 , -OCF 3l -CN, amino, 
nitro, oxime, alkyloxime, acyloxime, or a group of the formula -COOR 3 , -CONR 2 R 3 , 
25 -NH-CO2R 2 , -NHCO-R 2 or -OCO-NR 2 R 3 ; in which formulae R 2 and R 3 independently of 
each another represents hydrogen or alkyl; or 

which heterocyclic group may be substituted with an aryl group, which aryl 
group may optionally be substituted one or more times with alkyl, cycloalkyl, 
cycloalkylalkyl alkenyl, alkynyl, alkoxy, cycloalkoxy, alkenoxy, alkynoxy, 
30 methylenedioxy, halogen, -OH, -CF 3 , -OCF 3 , -CN, amino, nitro, oxime, alkyloxime, 
acyloxime; or 

which heterocyclic group may be substituted with a group of the formula M - 
X-alkyl-Y-alkyi", in which formula X and Y independently of each another represent O 
(epoxy), S, NH, N-alkyl or Se; and alkyl is optionally substituted with alkoxy, or 
35 alkylthio; or 

which heterocyclic group may be substituted with a group of the formula 
X-(ALK) 0 -aryI n , in which formula X represents O, S, NH, N-alkyl or Se; U ALK W 
represents alkyl, alkenyl or alkynyl; aryl is optionally substituted one or more times 
with alkyl, cycloalkyl, cycloalkylalkyl alkenyl, alkynyl, alkoxy, cycloalkoxy, alkenoxy, 
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alkynoxy, methylenedioxy, halogen, -OH, -CF 3l -OCF 3> -CN, amino, nitro, oxime, 

alkyloxime, acyloxime; and o is 0 or 1 ; or 

which heterocyclic group may be substituted with a group of the formula tt - 

X-(ALK) 0 -Z", in which formula "ALK" represents alkyl, alkenyl or alkynyl; X represents 
5 O, S, NH, N-alkyl or Se; Z represents a 5- or 6-membered monocyclic heterocyclic 

group, which heterocyclic group is optionally substituted one or more times with alkyl, 

cycloalkyl, cycloalkylalkyl alkenyl, alkynyl, alkoxy, cycloalkoxy, alkenoxy, alkynoxy, 

methylenedioxy, halogen, -OH, -CF 3 , -OCF 3 , -CN, amino, nitro, oxime, alkyloxime, 

acyloxime; and o is 0 or 1; or 
10 which heterocyclic group may be substituted with another monocyclic 5 to 6 

membered heterocyclic group, which additional heterocyclic group may be substituted 

one or more times with alkyl, cycloalkyl, cycloalkylalkyl, alkenyl, alkynyl, alkoxy, 

cycloalkoxy, alkenoxy, alkynoxy, methylenedioxy, halogen, -OH, -CF 3 , -OCF 3 , -CN, 

amino, nitro, oxime, alkyloxime, acyloxime; or 
15 which heterocyclic group may be substituted with a group of the formula 

"(ALK) 0 -HET, in which formula tt ALK" represents alkyl, alkenyl or alkynyl; o is 0 or 1; 

and HET represents a non-aromatic heterocyclic group; or 

or R 1 represents a bicyclic heterocyclic group, which bicyclic group is 

composed of a 5 to 6 membered monocyclic heterocyclic group fused to a benzene 
20 ring, 

which bicyclic group may be substituted one or more times with alkyl, 
alkoxy, alkoxy-alkoxy, cycloalkyl, cycloalkoxy, alkoxycycloalkyl, cycloalkoxyalkoxy, 
cycloalkylalkyl, hydroxyalkoxy, alkenyl, alkoxyalkenyl, alkynyl, alkoxyalkynyl, alkenoxy, 
alkynoxy, alkylthio, alkenylthio, alkynylthio, alkylseleno, alkenylseleno, alkynylseleno, 
25 methylenedioxy, trifluoromethanesulfonyloxy, halogen, -OH, -CF 3 , -OCF 3 , -CN, amino, 
nitro, oxime, alkyloxime, acyloxime, or a group of the formula -COOR 3 , -CONR 2 R 3 , 
-NH-CO2R 2 , -NHCO-R 2 or-OCO-NR 2 R 3 ; in which formulae R 2 and R 3 independently of 
each another represents hydrogen or alkyl; or 

which bicyclic group may be substituted with an aryl group, which aryl 
30 group is optionally substituted one or more times with alkyl, cycloalkyl, cycloalkylalkyl 
alkenyl, alkynyl, alkoxy, cycloalkoxy, alkenoxy, alkynoxy, methylenedioxy, halogen, 
-OH, -CF 3 , -OCF 3 , -CN, amino, nitro, oxime, alkyloxime, acyloxime; or 

which bicyclic group may be substituted with an additional monocyclic 5 to 
6 membered heterocyclic group, which additional heterocyclic group is optionally 
35 substituted one or more times with alkyl, cycloalkyl, cycloalkylalkyl alkenyl, alkynyl, 
alkoxy, cycloalkoxy, alkenoxy, alkynoxy, methylenedioxy, halogen, -OH, -CF 3 , -OCF 3) 
-CN, amino, nitro, oxime, alkyloxime, acyloxime; or 

tt -R 1 -B-R 1 - B in Formula III represents a single bond bridge ("-", i.e. R 1 and B 
are absent), or a bridging group of the formula "R^R 1 -" (i.e. B is absent), or a bridging 
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group of the formula "-R 1 -" (i.e. R 1 is absent in only one of the two compounds making 
up the dimeric substance); or 

U R 1 -B-R" in Formula IV represents a single bond bridge ("-", i.e. R, B and R 1 
are absent), or a bridging group of the formula "R 1 -R- u (i.e. B is absent); or 
5 a R 1 -B" in Formula IV represents a single bond bridge ("-", i.e. R 1 and B are 

absent, R is present); or 

R and/or R 1 , together with the nitrogen atom to which they are attached, 
represent an alkyl-onium salt, a dialkyl-onium salt, a cycloalkyl-onium salt, an alkyl- 
cycloalkyl-onium salt, a dicycloalkyl-onium salt, an alkyl-cycloalkylalkyl-onium salt, a 
10 cycloalkyl-cycloalkylalkyl-onium salt, or a dicycloalkylalkyl-onium salt; and 

B represents a single bond bridge ("-", i.e. B is absent), or a bridging 
element of the formula "-ALK-", "-ALK-X-ALK-", "-X-ALK-X-", "-PHE-", "-X-PHE-X-", or 
"-ALK-PH E-ALK-"; wherein "ALK" represents a single bond bridge ("-■, i.e. ALK is 
absent), or alkyl, alkenyl, or alkynyl; and "PHE" represents a phenylene (benzene-diyl) 
15 group; and X represents O, S, NH, N-alkyl or Se. 

Moreover, the diazacycloalkane derivatives of the invention may be an 
enantiomers or a mixture of enantiomers (isomers), an N oxide, a pharmaceutical^ 
acceptable salt, of a compound of any of Formulae I, II, III or IV. Moreover, the 
compound may be provided in labelled or un-labelled form. 
20 ^ a preferred embodiment the diazacycloalkane group is imidazoline, 

pyridine, 1,3-diazacyclohexane, piperazine, homopiperazine, 1 ,4-di-azacyclooctane, 
or 1 ,5-di-azacyclooctane. 

In another preferred embodiment R 1 represents an optionally substituted 

heteroaryl. 

25 In a more preferred embodiment R 1 represents pyridinyl, pyridazinyl, 

quinolinyl or isoquinolinyl, which heteroaryl group is optionally substituted one or more 
times with alkyl, alkoxy, cycloalkoxy, alkoxyalkoxy, alkoxyalkenyl, alkoxyalkynyl, 
alkynyl, alkenyl, alkenylthio, alkylseleno, alkoxycycloalkyl, hydroxyalkoxy, alkylthio, 
arylalkylthio, alkenoxy, alkynoxy, carboxylamido, arylalkylthio, arylthio, hydroxy, 

30 trifluoromethanesulfonyloxy, halogen; phenyl; phenyl substituted with alkyl, alkoxy, 
hydroxy, amino, or nitro; a monocyclic 5 to 6 membered heterocyclic group; a 
monocyclic 5 to 6 membered heterocyclic group substituted with alkyl, alkoxy, 
hydroxy, amino or nitro; a bicyclic heterocyclic flroup; or a bicyclic heterocyclic group 
substituted with alkyl, alkoxy, hydroxy, amino or nitro. 

35 In a yet more preferred embodiment R 1 represents 5-(1-heptynyl)-3-pyridyl; 

5-(1-hexynyl)-3-pyridyl; 5-(1-pentynyl)-3-pyridyl; 5-(1-butynyl)-3-pyridyl; 5-(1-propynyl)- 
3-pyridyl; 5-ethylenethio-3-pyridyl; 5-(1-propylenethio)-3-pyridyl; 5-(1-butylenethio)-3- 
pyridyl; 5-(1-pentylenethio)-3-pyridyl; 5-ethyleneseleno-3-pyridyl; 5-(1- 
propyleneseleno)-3-pyridyl; 5-(1-butyleneseleno)-3-pyridyl; 5-(1-pentyleneseleno)-3- 
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pyridyl; 5-methylseleno-3-pyridyI; 5-ethylseleno-3-pyridyl; 5-propylseleno-3-pyridyl; 5- 
butylseleno-3-pyridyl; 1 -[5-1-butyl-N-methylamino)3-pyridyl]; 5-(N-azacyclobutenyl)-3- 
pyridyl; 5-(N-2-pyrrolinyl)-3-pyridinyl; 5-(N-3-pyrrolinyl)-3-pyridinyl; 5-N-(1 ,4,5,6- 
tetrahydropyridinyl)-3-pyridyl; 5-N-(1,2,5 f 64etrahydropyridinyl)-3-pyridyl; 5- 
5 (homopiperazinyl)-3-pyridyI; 5,6-dibromo~3-pyridyl; 5-bromo-6-chloro-3-pyridyl; 6- 
bromo-5-chloro-3-pyridyl; 6-bromo-3-pyridyl; 5,6-dichloro-3-pyridyl; 6~fluoro-3-pyridyl; 
6-iodo-3-pyridyl; 5-chloro-6-fluoro-3-pyridyl; 5-chloro6-iodo-3-pyridyl; 5-bromo-6- 
fluoro-3-pyridyl; 5-bromo-6-iodo-3-pyridyl; 6-fluoro-pyridazinyl; 6-iodopyridazinyl; 5- 
pentyloxy-3-pyridyl; 5-(f/ans-hex-2-en-1-yl-oxy)-3-pyridyl; 5-butoxy-3-pyridyl; 5- 

10 methoxy-3-pyridyl; 5-propyloxy-3-pyridyl; 5-homopiperazinyl-3-pyridyl; 5-ethoxy-3- 
pyridyl; 5-propyl-1,2-epoxy-1-oxy-3-pyridyl; 5-phenylacetylenyl-3-pyridyl; 5-(2-ethyl-1- 
butoxy)-3-pyridyI; 5-(1 -methyl- 1 -prop-2-en-oxy)-3-pyridyl; 5-(cyclobutylmethoxy)-3- 
pyridyl; 5-(hex-2-en-oxy)-3-pyridyl; 5-(2-methyl-1-prop-1-en-oxy)-3-pyridyl; 5-(1- 
piperidinyl)-3-pyridyl; 5-(N-azacycloheptyl)-3-pyridyl; 5-(N-azacyclooctanyl)-3-pyridyl; 

15 or 5-(1-morpholinyl)-3-pyridyl. 

In a most preferred embodiment the diazacycloalkane derivative of the 
invention is 5-(1-heptynyl)-3-pyridyl-homopiperazine; 5-(1-hexynyl)-3-pyridyl- 
homopiperazine; 5-(1-pentynyl)-3-pyridyl-homopiperazine; 5-(1-butynyl)-3-pyridyl- 
homopiperazine; 5-(1-propynyl)-3-pyridyl-homopiperazine; 5-ethylenethio-3-pyridyl- 

20 homopiperazine; 5-(1-propylenethio)-3-pyridyl-homopiperazine; 5-(1-butylenethio)-3- 
pyridyl-homopiperazine; 5-(1-pentylenethio)-3-pyridyI-homopiperazine; 5- 
ethyleneseleno-3-pyridyl-homopiperazine; 5-(1-propyleneseleno)-3-pyridyl- 
homopiperazine; 5-(1 -butyleneseleno)-3-pyridyI-homopiperazine; 5-(1 - 

pentyleneseleno)-3-pyridyl-homopiperazine; 5-methylseleno-3-pyridyl- 

25 homopiperazine; 5-ethylseleno-3-pyridyl-homopiperazine; 5-propylseleno-3-pyridyl- 
homopiperazine; 5-butylseleno-3-pyridyl-homopiperazine; 5-(1-azacyclobutene)-3- 
pyridyl-homopiperazine; 5-(dihydro-pyrrole)-3-pyridyl-homopiperazine; 5- 
(tetrahydropyridine)-3-pyridyl-homopiperazine; 5-(homopiperazine)-3-pyridyl- 
homopiperazine; 5,6-dichloro-3-pyridyl-homopiperazine; 6-fluoro-3-pyridyl- 

30 homopiperazine; 6-iodo-3-pyridyl-homopiperazine; 5-chloro-6-fluoro-3^)yridyl- 
homopiperazine; 5-chloro-6-iodo-3-pyridyl-homopiperazine; 5-bromo-6-fluoro-3- 
pyridyl-homopiperazine; 5-bromo-6-iodo-3-pyridyl-homopiperazine; 6-fluoro- 
pyridazine-homopiperazine; 6-iodopyridazine-homopiperazine; 5-pentyloxy-3-pyridyl- 
homopiperazine; 5-pentyloxy-3-pyridyl-piperazine; 5-(f/gns-hex-2-en-1-yl-oxy)-3- 

35 pyridyl-homopiperazine; 5-(frans-hex-2-en-1-yl-oxy)-3-pyridyl-piperazine; 5-butoxy-3- 
pyridyl-1 ,5-diazacyclooctane; 5-methoxy-3-pyridyl-4-ethyl-piperazine; 4-methyl-1-(5- 
propyloxy-3-pyridyl)-piperazine; S.S-B/s-fN.N-homopiperazinylHsyridine; 5-ethoxy-3- 
pyridyM-ethyl-hqmopiperazine; 5-ethoxy-3-pyridyl-4-propyl-homopiperazine; 5-ethoxy- 
3-pyridyM~(prop-2-en-1-yl)-homopiperazine; 5-propyM,2-epoxy-1-oxy-3-pyridyl- 



WO 00/64885 



11 



PCT/DK00/00202 



homopiperazine; 5-phenylacetylenyl-3-pyridyl-homopiperazine; 1 -(5-(2-ethyl-l - 
butoxy)-3-py ridyl)-homopiperazine; 1 ~(5-( 1 -methyM -prop-2-en-oxy)-3-pyridyl)- 

homopiperazine; 1 -(5-(cyclobutylmethoxy)-3-pyridyl)-homopiperazine; 1 -(5-(hex-2-en- 
oxy)-3-pyridyl)-homopiperazine; 1 -(5-(2-methyl-1 -prop-1 -en-oxy)-3-pyridyl)- 

5 homopiperazine; 1 f 4-6/s-[5-ethoxy-3-pyridyl]-homopiperazine; 1,4-B/s-[5-(1-propyl-1- 
en-oxy)-3-pyridyl]-homopiperazine; 1 -(5-lodo-3-pyridyl)-homopiperazine; 1 -[5-(N- 
Azetidinyl)-3-pyridyl]-homopiperazine; 1,4-B/s-[5-(vinyk>xy)-3-pyridyl]- 
homopiperazine; 1 -[5-Phenyl-2-eth-1 -yl-3-pyridylJ-homopiperazine; 1 -[5-Ethyl-3- 
pyridyl]-homopiperazine; 1 -[3-(4-Chloro-1 ,2,54hiadiazolyl)]-homopiperazine; 1 -(5- 

10 Chloro-3»pyridyl)-homoplperazine; 1-(5-Bromo-3-pyridyl)-homopiperazine; 1-[5- 
Chloro-3-pyridyl]-1 ,5-diazacyclooctane; 1-[5-Bromo-3-pyridyl]-1 ,5-diazacyclooctane; 
1-(3-Pyridyl)-1 ,5-diazacyclooctane; 1-(6-Amino-3-pyridyl)-homopiperazine; 1-(6-Nitro- 
3-pyridyl)-homopiperazine; 1-[3-(1 ^^-thiadiazolyljl-homopiperazine; 1-[3-(1 ,3,4- 
thiadiazolyl)}-homopiperazine; 1 -(6-Fluoro-5-ethynyl-3-pyridyl)-homopiperazine; 1 -(6- 

1 5 Chlorch5-ethynyl-3-pyridyl)-homopiperazine; 1 -(6-Bromo-5-ethynyl-3-pyridyl)- 

homopiperazine; 1-(6-lodo-5-ethynyl-3-pyridyl)-homopiperazine; 1 -(6-Fluoro-5-propyn- 
1-y|-3-pyridyl)-homopiperazine; 1-(6-Chloro-5-propyn-1»yl-3-pyridyl>homopiperazine; 
1-(6-Bromo-5-propyn-1-yI-3-pyridyl)-homopiperazine; 1-(6-lodo-5-propyn-1-yl-3- 
pyridyl)-homopiperazine; 1 -(6-Fluoro-5-butyn-1 -yI-3-pyridyl)-homopiperazine; 1 -(6- 

20 Chloro-5-butyn-1 -yl-3-pyridyl)-homopiperazine; 1 -(6-Bromo-5-butyn-1 -yl-3-pyridyl)- 
homopiperazine; 1-(6-lodo-5-butyn-1 -yl-3-pyridyl)-homopiperazine; 1 -(6-Fluoro-5- 
pentyn-1 -yl-3-pyridyl)-homopiperazine; 1 -(6-Chloro-5-pentyn-1 -yl-3-pyridyl)- 

homopiperazine; 1-(6'Brorno-5-pentyri-1-yl-3-pyridyl)-homopiperazine; 1-{6-lodo-5- 
pentyn-1 -yl-3-pyridyI)-homopiperazine; 1 -(6-Fluoro-5-ethenyl-3-pyridyI)- 

25 homopiperazine ; 1 -(6-Chloro-5-ethenyl-3-pyridyl)-homopiperazine; 1 -(6-Bromo-5- 
ethenyl-3-pyridyl)-homopiperazine; 1 -(6-lodo-5-ethenyl-3-pyridyl)-homopiperazine; 1 - 
(6-Fluoro-5-propen-1-yl-3-pyridyl)-homopiperazine; 1-(6-Chloro-5-propen-1-yl-3- 
pyridyl)-homopiperazine; 1 -(6-Bromo-5-propen-1 -yl-3-pyridyl)-homopiperazine; 1 -(6- 
lodo-5-propen-1 -yl-3-pyridyl)-homopiperazine; 1 -(6-Fluoro-5-buten-1 -yl-3-pyridyl)- 

30 homopiperazine; 1 -(6-Chloro-5-buten-1 -yl-3-pyridyl)-homopiperazine; 1 -(6-Bromo-5- 
butyn-1 -yl-3-pyridyl)-homopiperazine; 1 -(6-lodo-5-buten-1 -yl-3-pyridyl)- 

homopiperazine; 1-(6-Fluoro-5-penten-1-yl-3-pyridyl)-homopiperazine; 1-(6-Chloro-5- 
penten-1 -yl-3-pyridy))-homopiperazine; 1 -(6-Bromo-5-penten-1 -yl-3-pyridyl)- 

homopiperazine; 1-(6-lodo-5-penten-1-y!-3-pyridyl)-homopiperazine; 1-(6-Fluon>5- 

35 ethyl-3-pyridyl)-homopiperazine; 1-(6-ChlorcK5-ethyI-3-pyridyl)-homopiperazine; 1-(6- 
Bromo-5-ethyl-3-pyridyl)-homopiperazine; 1-(6-lodo-5-ethyl-3-pyridyl)- 
homopiperazine; 1 -(6-Fluoro-5-prop-1 -yl-3-pyridyl)-homopiperazine; 1 -(6-Chloro-5- 
prop-1 -yl-3-pyridyl)-homopiperazine; 1 -(6-Bromo-5-prop-1 -yl-3-pyridyl)- 

homopiperazine; 1-(6-lodo-5-prop-1-yI-3-pyridyl)-homopiperazine; 1-(6-Fluoro-5-but-1- 
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yl-3-pyridyl)-homopiperazine; 1 -(6-Chloro-5-but-1-yl-3-pyridyl)-homopiperazine; 1 -(6- 
Bromo-5-but-1-yl-3-pyridyl)-homopiperazine; 1-(6-lodo-5-but-1-yl-3-pyridyl)- 
homopiperazine; 1 ~(6-Fluoro~5-pent-1 -yI-3-pyridyl)-homopiperazine; 1 -(6-Chloro-5- 
pent-1-yl-3-pyridyl)-homopiperazine; 1-(6-Bromo-5-pent-l-yI-3-pyridyl)- 
5 homopiperazine; 1-(6-lodo-5-pent-1-yl-3-pyridyl)-homopiperazine; 1-(6-Bromo-5~ 
methoxy-3-pyridyl)-homopiperazine; 1-(6-Chloro-5-methoxy-3-pyridyl)- 
homopiperazine; 1 -(6-Fluoro-5-methoxy-3-pyridyl)-homopiperazine; 1 -(6-lodo-5- 
methoxy-3-pyridyl)-homopiperazine; 1-(6-Chloro-5-ethoxy-3-pyridyl)-homopiperazine; 
1 -(6-Fluoro-5-ethoxy-3-pyridyl)-homopiperazine; 1 -(6-lodo-5-ethoxy-3-pyridyl)- 

1 o homopiperazine; 1 -(6-Bromo-5-propyloxy-3-pyridyl)-homopiperazine; 1 -(6-Chloro-5- 
propyloxy~3-pyridyl)-homopiperazine; 1-(6-Fluoro-5-propyloxy-3-pyridyl)- 
homopiperazine; 1 -(6-lodo-5-propyloxy-3-pyridyl)-homopiperazine; 1 -(6-Bromo-5- 
vinyloxy-3-pyridyl)-homopiperazine; 1-(6-Chloro-5-vinyloxy-3-pyridyl)-homopiperazine; 
1 -(6-Fluoro-5-viny)oxy-3-pyridyl)-homopiperazine; 1 -(6-lodo-5-vinyloxy-3-pyridyl)- 

15 homopiperazine; 1-(3-Pyridyl)-1 ,5-diazacyclooctane; 1-(6-Nitro-3-pyridyl)- 
homopiperazine; 1 -(6-Amino-3-pyridyl)-homopiperazine; 1 -(6~Fluoro-5-ethynyl-3- 
pyridyl)-homopiperazine; 1 -(6-Chloro-5-ethynyl-3-pyridyl)-homopiperazine; 1 -(6- 
Bromo-5-ethynyl-3-pyridyl)-homopiperazine; 1-(6-lodo-5-ethynyl-3-pyridyl)- 
homopiperazine; 1 ~(6-Fluoro-5-propyn-1 -yl-3-pyridyl)-homopiperazine; 1 -(6-Chloro-5- 

20 propyn-1-yl-3-pyridyl)-homopiperazine; 1-(6-Bromo-5-propyn-1-yl-3-pyridyl)- 
homopiperazine; 1 -(6-lodo-5-propyn-1 ~yl-3~pyridyl)-homopiperazine; 1 -(6-Fluoro-5- 
butyn-1-yl-3-pyridyl)-homopiperazine; 1-(6-Chloro-5-butyn-1-yl-3-pyridyl)- 
homopiperazine; 1 -(6-Bromo-5-butyn-1 -yI-3-pyridyl)-homopiperazirie; 1 ~(6-lodo-5- 
butyn-1 -yI-3-pyridyl)-homopiperazine; 1 -(6-Fluoro-5-pentyn-1 -yl-3-pyridyl)- 

25 homopiperazine; 1-(6-Chloro-5-pentyn-1-yI-3-pyridyl)-homopiperazine; 1-(6-Bromo-5- 
pentyn-1 -yl-3-pyridyl)-homopiperazine; 1 -(6-lodo-5-pentyn-1 -yl-3-pyridyl)- 

homopiperazine; 1 -(5-Ethenyl-3-pyridyl)-homopiperazine; 1 -(5-Propen-1 -yl-3-pyridyl)- 
homopiperazine; 1 -(5-buten-1 -yl-3-pyridyl)-homopiperazine; 1 -(5-Penten-1 -yl-3- 
pyridyl)-homopiperazine; 1 -(5-Prop-1 -yl-3-pyridyl)-homopiperazine; 1 -(5-BuM -yl-3- 

30 pyridyl)-homopiperazine; or 1-(5-Pent-1-yl-3-pyridyl)-homopiperazine; 

any of its enantiomers or any mixture thereof, an N oxide thereof, a 
pharmaceutical^ acceptable salt thereof, in a labelled or un-labelled form. 

In another preferred embodiment the diazacycloalkane derivative of the 
invention is a compound of Formula III, wherein "-R 1 -B-R 1 - M represents a single bond 

35 bridge ("-", i.e. R 1 and B are absent), or a bridging group of the formula "R 1 -R 1 - tt (i.e. B 
is absent), or a bridging group of the formula "-R 1 -" (i.e. R 1 is absent in only one of the 
two compounds making up the dimeric substance); or B is a bridging group of the 
formula "-X-ALK-X-", wherein "ALK" represents d-4-alkyf; or B is a bridging group of 
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the formula "-ALK-PHE-ALK-", wherein "ALK" represents C^-alkyl, and THE" 
represents a phenylene group. 

In a more preferred embodiment the diazacycloalkane derivative of the 
invention is 3,5-B/s-(N,N*-homopiperazinyl)-pyridine,- 1,4-[a,a'-S/s-(5-Ethoxy-3-pyridyl- 
1-homopipera 2 inyl)J-dimethylbenzene; 1,4-[a,a-5/s-(6-Chloro-3-pyrida2inyl-1- 
homopiperazinyr)]-dimethylbenzene; 0,0'-S/s-[5-(1-homopiperazinyl)-3-pyridyl]- 
ethyleneglycol; or Homopiperazinyl-5-pyrid-3-yl-5-pyrid-3-yl-homopiperazine; any of its 
enantiomers or any mixture thereof, an N oxide thereof, a pharmaceutical^ 
acceptable salt thereof, in a labelled or un-labelled form. 

Definition of substituting 

In the context of this invention halogen represents fluorine, chlorine, 
bromine or iodine. 

In the context of this invention an alkyl group designates a univalent 
15 saturated, straight or branched hydrocarbon chain. The hydrocarbon chain preferably 
contain of from one to eighteen carbon atoms (C^-alkyl), more preferred of from one 
to eight carbon atoms (d^-alkyl; lower alkyl), including pentyl, isopentyl, neopentyl, 
tertiary pentyl, hexyl and isohexyl. In a preferred embodiment alkyl represents a C M - 
alkyl group, including butyl, isobutyl, secondary butyl, and tertiary butyl. In another 
20 preferred embodiment of this invention alkyl represents a C^alkyl group, which may 
in particular be methyl, ethyl, propyl or isopropyl. 

In the context of this invention an alkenyl group designates a carbon chain 
containing one or more double bonds, including di-enes, tri-enes and poly-enes. In a 
preferred embodiment the alkenyl group of the invention comprises of from two to 
25 eight carbon atoms (Cz-e-alkenyl), more preferred of from two to six carbon atoms (C 2 . 
e-alkenyl). including at least one double bond. In a most preferred embodiment the 
alkenyl group of the invention is ethenyl; 1- or 2-propenyl; 1-, 2- or 3-butenyl, or 1,3- 
butenyl; 1-, 2- 3-, 4- or 5-hexenyl, or 1,3-hexenyl, or 1,3,5-hexenyl, 1-, 2-, 3-, 4-, 5-, 
6-, or 7-octenyl, or 1,3-octenyl, or 1,3,5-octenyl, or 1,3,5,7-octenyl. 
30 in the context of this invention an alkynyl group designates a carbon chain 

containing one or more triple bonds, including di-ynes, tri-ynes and poly-ynes. In a 
preferred embodiment the alkynyl group of the invention comprises of from two to 
eight carbon atoms (C^-alkynyl), more preferred of from two to six carbon atoms (C 2 . 
e-alkynyl), including at least one triple bond. In its most preferred embodiment the 
35 alkynyl group of the invention is ethynyl; 1-, or 2-propynyl; 1-, 2-, or 3-butynyl, or 1,3- 
butynyl; 1-, 2-, 3-, 4-pentynyl, or 1,3-pentynyl, 1-, 2-, 3-, 4-, or 5-henynyl, ' or 1,3- 
hexynyl or 1,3,5-hexynyl; 1- 2-, 3-, 4-, 5- or 6-heptynyl, or 1 ,3-heptynyl, or 1,3,5- 
heptynyl; 1-, 2-, 3- 4-, 5-, 6- or 7-octynyl, or 1,3-octynyl, or 1 ,3,5-octynyl, or 1.3,5,7- 
octynyl. 
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In the context of this invention a cycloalkyl group designates a cyclic alkyl 
group, preferably containing of from three to seven carbon atoms (C^T-cycloalkyl), 
including cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl. 

In the context of this invention a cycloalkyl-alkyl group designates a 
5 cycloalkyl group as defined above, which cycloalkyl group is substituted on an alkyl 
group as also defined above. Examples of preferred cycloalkyl-alkyl groups of the 
invention include cyclopropylmethyl and cyclopropylethyl. 

In the context of this invention an alkoxy group designates an "alkyl-O-" 
group, wherein alkyl is as defined above, an alkenoxy group designates an "alkenyl-O- 
10 u group, wherein alkenyl is as defined above, and a cycloalkoxy group designates a 
"cycloalkyl-O-" group, wherein cycloalkyl is as defined above. 

In the context of this invention an alkylthio group designates an "alkyl-S-* 1 
group (thioalkoxy), wherein alkyl is as defined above, an alkenylthio group designates 
an tt alkenyl-S- tt group, wherein alkenyl is as defined above, and an alkynylthio group 
15 designates an "alkynyl-S~" group, wherein alkynyl is as defined above. Likewise an 
arylthio group designates an tt aryl-S- u group, wherein aryl is as defined below, and an 
arylalkylthio designates an "arylalkyl-S-" group, wherein arylalkyl is as defined below, 
alkytthio-alkoxy, alkoxy-alkylthio, and alkylthio-alkylthio designates an alkylthio group 
as defined above, attached to another alkylthio group, or to an alkoxy group as 
20 defined above. 

In the context of this invention an alkylseleno group designates an "alkyl- 
Se- tt group, wherein alkyl is as defined above, an alkenylseleno designates an 
"alkenyl-Se- w group, wherein alkenyl is as defined above, and an alkynylseleno group 
designates an "alkynyl-Se-" group, wherein alkynyl is as defined above. 
25 In the context of this invention an alkyloxime group designates a "C=N-0- 

alkyl" group, wherein alkyl is as defined above, and an acyloxime group designates a 
^hl-D-COOM" group or a "C=N-0-CO-alkyl n group, wherein alkyl is as defined 
above. 

In the context of this invention an amino group may be a primary (-NH 2 ), 
30 secondary (-NH-alkyl),' or tertiary (-N(alkyl) 2 ) amino group, i.e. it may be substituted 
once or twice with an alkyl group as defined above. 

In the context of this invention aryl designates a mono- or polycyclic aryl 
group, i.e. a monocyclic or polycyclic aromatic hydrocarbon group. Examples of 
preferred aryl groups of the invention include phenyl, naphthyl, indenyl, azulenyl, 
35 anthracenyl, and fluorenyl. 

In the context of this invention an aralkyl group designates a mono- or 
polycyclic aryl group as defined above, which aryl group is attached to an alkyl group 
as also defined above. Examples of preferred aralkyl groups of the invention include 
benzyl, and phenethyL 
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In the context of this invention a monocyclic heterocyclic group is a 
monocyclic compound, which holds one or more heteroatoms in its ring structure. 
Preferred heteroatoms include nitrogen (N), oxygen (0), and sulphur (S). The ring 
structure may in particular be aromatic (i.e. a heteroaryl), or saturated or partially 
5 saturated ("HET). Preferred heterocyclic monocyclic groups of the invention include 
5- and 6 membered heterocyclic monocyclic groups. 

Examples of preferred aromatic heterocyclic 5-membered monocyclic 
groups of the invention include 

furan, in particular 2- or 3-furanyl; 
10 thiophene, in particular 2- or 3-thienyl; 
pyrrole, in particular 2- or 3-pyrrolyl; 
oxazole, in particular oxazol-(2-,4- or 5-)yl; 
thiazole, in particular thiazol-(2-,4-, or 5-)yl; 
imidazole, in particular imidazol-fl-^-,^ or 5-)yl; 
15 pyrazole, in particular pyrazol-(1-,3-,4- or 5-)yl; 
isoxazole, in particular isoxazol-(3-,4- or 5-)yl; 
isothiazole, in particular isothiazol-(3-,4- or 5-)yl; 

1.2.3- oxadiazole, in particular 1,2,3-oxadiazol-(4- or 5-)yl; 

1 .2.4- oxadiazole, in particular 1 ^^-oxadiazoKS- or 5-)yl; 
20 1 ,2,5-oxadiazole, in particular 1 ,2,5-oxadiazoH3- or 4-)yl; 

1.2.3- triazole, in particular 1,2,3-triazol-(1-,4- or 5-)yl; 

1 .2.4- thiadiazole, in particular 1 ,2,4-thiadiazol-(3- or 5-)yl; 

1.2.5- ihiadiazole, in particular 1 ^S-thiadiazoKS- or 4-)yl; and 

1.3.4- thiadiazole, in particular 1,3,4-thiadiazol-(2- or 5-)yl. 

25 Examples of preferred aromatic heterocyclic 6-membered monocyclic 

groups of the invention include 

pyridine, in particular pyridin-(2-,3- or 4-)yl; 

pyridazine, in particular pyridazin-(3- or 4-)yl; 

pyrimidine, in particular pyrimidin-(2-,4- or 5-)yl; 
30 pyrazine, in particular pyrazin-(2- or 3-)yl; 

1.3.5- triazine, in particular 1,3,5-triazirv(2-,4- or 6-)yl; and 
phosphinine, in particular phosphinin-(2-,3- or 4-)yl. 

In the context of this invention a bicyclic heterocyclic group is a bicyclic 
compound composed of a monocyclic 5 to 6 membered heterocyclic group as 
35 described above, which heterocyclic group is fused to a benzene ring. 

Examples of preferred aromatic heterocyclic bi-cyclic groups of the 
invention include 

indolizine, in particular indolizin-CI-,2-,3-,5-,6-,7- or 8)yl; 
indole, in particular indoKI-,2-,3-,4-,5-,6- or 7)yl; 
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isoindole, in particular isoindol-(1-,2-,3-,4-,5-,6- or 7-)yl; 
benzofbjfuran (benzofuran), in particular benzo[b]furan-(2-,3-,4- I 5- I 6- or 7-)yl; 
benzo[c]furan (isobenzofuran), in particular benzo[c}furan-(1-,3- ( 4-,5-,6- or 7-)yl; 
benzo[b]thiophene (benzothiophene), in particular benzo[b]thiophen-(2-,3- 4-,5-, 
5 6~or7-)yl; 

benzo[c]thiophene (isobenzothiophene), in particular benzo[cJthiophen-(1-,3-,4- 
5-,6-or7-)yl; 

benzimidazole, in particular benzimidazoH1-,2-,4- t 5-,6- or 7-)yl; 

benzthiazole, in particular benzthiazol-(2- t 4-,5-,6- or 7-)yl; 
10 purine, in particular purin-(2-,6- or 8-)yl; 

quinoline, in particular quinolin-(2-,3-,4-,5-,6-,7- or 8-)yl; 

isoquinoline, in particular isoquinolin-(1-,3- l 4- ( 5- I 6-,7- or 8-)yl; 

cinnoline, in particular cinnolin-(3- I 4- > 5-,6- 1 7- or 8-)yl; 

phthlazine, in particular phthlazin-(1-,4-,5-,6-,7- or 8-)yl; 
15 quinazoline, in particular quinazolin-^-^S-.G-J- or 8-)yl; 

quinoxaline, in particular quinoxalin-(2-,3-,5-,6-,7- or 8-)yl; 

1,8-naphthyridine, in particular 1,8-naphthyridin-(2-,3-,4-,5-,6- or 7-)yl; and 

pteridine, in particular pteridin-(2-,4-,6- or 7-)yL 

Examples of preferred saturated or partially saturated heterocyclic bi-cyclic 
20 groups of the invention include 

indoline, in particular indolin-(1-,2-,3-,4-,5-,6- or 7-)yl; 

3H-indole, in particular 3H-indol-(2-,3- 4~,5-,6- or 7-)yl; 

1H-indazole, in particular 1H-indazol-(3-4- f 5-,6- or 7-)yl; 

4H-quinolizine, in particular 4H-quinolizin-(1-,2-,3-,4-6- f 7-,8- or 9-)yl; 
25 quinuclidine, in particular quinuclidin-(2-,3-,4- f 5-,6-,7- or 8-)yl; 

isoquinuclidine, in particular isoquinuclidin-O-^-.S-^-.S-B-J- or 8-)yl; 

tropane, in particular tropan-(1-,2- 3-,4-,5-,6-J- or 8-)yl; and 

nortropane, in particular nortropan-(1-,2-,3-4- ( 5- f 6- or 7-)yl. 

In the context of this invention "HET represents a non-aromatic (i.e. 
30 saturated or partially saturated) monocyclic heterocyclic group containing at least one 
heteroatom. 

Examples of preferred non-aromatic heterocyclic monocyclic 3- or 4- 
membered groups of the invention include aziridine; azetidine; and azacyclobutene; 

Examples of preferred non-aromatic heterocyclic monocyclic 5-membered 
35 groups of the invention include 

2H-pyrrole, in particular 2H-pyrrol-(2- or 3-)yl; 
3H-pyrrole, in particular 3H-pyrrol-(2- or 3-)yl; 

2.3- dihydro-pyrrole, in particular 2,3-dihydro-pyrrol-(2- or 3-)yl; 

3.4- dihydro-pyrrole, in particular S^-dihydro-pyrrol-^- or 3-)yl; 
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2- pyrroline, in particular 2-pyrrolin-(1-,2- or 3-)yl; 

3- pyrroline, in particular 3-pyrrolin(1-,2- or 3-)yl; 
pyrrolidine, in particular pyrrolidin-(1-,2- or 3-)yl; 

1 ,3-dioxolan, in particular 1 ,3-dioxoIan-(2- or 4-)yl; 
5 imidazolidine, in particular imidazolidin-(1-,2-,3-,4- or 5-)yl; 

2- imidazoline, in particular 2-imidazolin-(1-,2-,4- or 5-)yl; 

3- imidazoline, in particular 3-imidazolin-( 1-2-4- or 5-)y\\ 

4- imidazoline, in particular 4-imidazolin-(1-,2-,4- or 5-)yI; 
pyrazolidine, in particular pyrazolidin-(1-,2-,3-,4- or 5-)yl; 

10 2~pyrazoline, in particular 2-pyrazolin-(1-,3-,4- or 5-)yl; and 
3~pyrazoline t in particular 3-pyrazolin-(1-,3-,4- or 5-)yl. 

Examples of preferred non-aromatic heterocyclic monocyclic 6-membered 
groups of the invention include 

2.3- dihydropyridine, in particular 2,3«dihydropyridin-(2- I 3- or 4-)yl; 
15 3,4-dihydropyridine, in particular 3,4-dihydropyridin-(2-,3- or 4-)yl; 

4.5- dihydropyridine, in particular 4,5-dihydropyridin-(2-,3- or 4-)yl; 

5.6- dihydropyridine, in particular 5,6-dihydropyridin-(2- f 3- or 4-)yl; 
tetrahydropyridine, in particular tetrahydropyridin-(2-,3- or 4-)yl; 
2H-pyrane, in particular 2H-pyran-(2-,3- or4-)yl; 

20 4H-pyrane, in particular 4H-pyran-(2-,3- or 4-)yl; 

piperidine, in particular piperidin-(1-,2-,3- or 4-)yl; 

1 .4- dioxolane, in particular 1 f 4-dioxolan-(2- or 3-)yl; 
morpholine, in particular morpholin-(2-,3- or 4-)yl; 

1 ,4-dithiane, in particular 1 ,4-dithian-(2- or 3-)yl; 
25 thiomorpholine, in particular thiomorpholin-(2-,3- or 4-)yl; 
piperazine, in particular piperazin-(1-,2-,3- or4-)yl; 
1,3,5-trithiane, in particular 1,3,5-trithian-(2-)yl; 
1,4-oxazine, in particular 1 ,4-oxazin-(2-)yl; and 
morpholine, in particular morpholin-(2- or 3-)yl; 
30 Examples of preferred non-aromatic heterocyclic monocyclic 7- to 8- 

membered groups of the invention include homopiperidine; homopiperazine; 
azacyclooctane; and diazacyclooctane. 

Pharmaceuticallv Acceptable Salts 
35 The chemical compound of the invention may be provided in any form 

suitable for the intended administration. Suitable forms include pharmaceutical^ (i.e. 
physiologically) acceptable salts, and pre- or prodrug forms of the chemical compound 
of the invention. 
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Examples of pharmaceutical^ acceptable addition salts include, without 
limitation, the non-toxic inorganic and organic acid addition salts such as the 
hydrochloride derived from hydrochloric acid, the hydrobromide derived from 
hydrobromic acid, the nitrate derived from nitric acid, the perchlorate derived from 
5 perchloric acid, the phosphate derived from phosphoric acid, the sulphate derived 
from sulphuric acid, the formate derived from formic acid, the acetate derived from 
acetic acid, the aconate derived from aconitic acid, the ascorbate derived from 
ascorbic acid, the benzenesulphonate derived from benzensulphonic acid, the 
benzoate derived from benzoic acid, the cinnamate derived from cinnamic acid, the 

10 citrate derived from citric acid, the embonate derived from embonic acid, the enantate 
derived from enanthic acid, the fumarate derived from fumaric acid, the glutamate 
derived from glutamic acid, the glycolate derived from glycolic acid, the lactate derived 
from lactic acid, the maleate derived from maleic acid, the malonate derived from 
malonic acid, the mandelate derived from mandelic acid, the methanesulphonate 

15 derived from methane sulphonic acid, the naphthalene-2-sulphonate derived from 
naphtalene-2-sulphonic acid, the phthalate derived from phthalic acid, the salicylate 
derived from salicylic acid, the sorbate derived from sorbic acid, the stearate derived 
from stearic acid, the succinate derived from succinic acid, the tartrate derived from 
tartaric acid, the toluene-p-sulphonate derived from p-toluene sulphonic acid, and the 

20 like. Such salts may be formed by procedures well known and described in the art. 

Other acids such as oxalic acid, which may not be considered 
pharmaceutical^ acceptable, may be useful in the preparation of salts useful as 
intermediates in obtaining a chemical compound of the invention and its 
pharmaceutical^ acceptable acid addition salt. 

25 Metal salts of a chemical compound of the invention includes alkali metal 

salts, such as the sodium salt of a chemical compound of the invention containing a 
carboxy group. 

In the context of this invention the "onium salts" of N- and/or S-containing 
compounds are also contemplated as pharmaceutical^ acceptable salts. Preferred 

30 a onium salts" include the alkyl-onium salts, the cycloalkyl-onium salts, and the 
cycioalkylalkyl-onium salts. 

The chemical compound of the invention may be provided in dissoluble or 
indissoluble forms together with a pharmaceutical^ acceptable solvents such as 
water, ethanol, and the like. Dissoluble forms may also include hydrated forms such 

35 as the monohydrate, the dihydrate, the hemihydrate, the trihydrate, the tetrahydrate, 
and the like. In general, the dissoluble forms are considered equivalent to indissoluble 
forms for the purposes of this invention. 
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Labelled Compounds 

The compounds of the invention may be used in their labelled or unlabelled 
form. In the context of this invention "label" stands for the binding of a marker to the 
compound of interest that will allow easy quantitative detection of said compound. 
5 The compounds of the invention may be useful as diagnostic tools, radio 

tracers, or monitoring agents in various diagnostic methods, and in particular for in 
vivo receptor imaging, where they are preferably employed in labelled form. 

In the context of this invention an isotopes designates a labelled compound 
in which one or more atoms has been changed into an isotope of the naturally 
10 occurring atom. Labelled compounds and includes though not limited to 2 H 
(deuterium), 3 H (tritium), 13 C, 14 C, 131 l, 125 l, 123 l, 18 F, as described in more details below 
(under "neuroimaging"). 

Steric Isomers 

15 It will be appreciated by those skilled in the art that the compounds of the 

present invention may contain one or more chiral centres, and that such compounds 
exist in the form of isomers (i.e. enantiomers). The invention includes all such isomers 
and any mixtures thereof including racemic mixtures. 

The chemical compounds of the present invention may exist in (+) and (-) 

20 forms as well as in racemic forms. The racemates of these isomers and the individual 
isomers themselves are within the scope of the present invention. 

Racemic forms can be resolved into the optical antipodes by known 
methods and techniques. One way of separating the diastereomeric salts is by use of 
an optically active acid, and liberating the optically active amine compound by 

25 treatment with a base. Another method for resolving racemates into the optical 
antipodes is based upon chromatography on an optical active matrix. Racemic 
compounds of the present invention can thus be resolved into their optical antipodes, 
e.g., by fractional crystallisation of d- or I- (tartrates, mandelates, or 
camphorsulphonate) salts for example. 

30 The chemical compounds of the present invention may also be resolved by 

the formation of diastereomeric amides by reaction of the chemical compounds of the 
present invention with an optically active activated carboxylic acid such as that derived 
from (+) or (-) phenylalanine, (+) or (-) phenylglycine, (+) or (-) camphanic acid or by 
the formation of diastereomeric carbamates by reaction of the chemical compound of 

35 the present invention with an optically active chloroformate or the like. 

Additional methods for the resolving the optical isomers are known in the 
art. Such methods include those described by Jaques J, Collet A, & Wilen S in 
" Enantiomers, Racemates. and Resolutions ", John Wiley and Sons, New York (1981). 
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Optical active compounds can also be prepared from optical active starting 

materials. 

Moreover, some of the chemical compounds of the invention being oximes, 
may thus exist in two forms, syn- and anti-form (Z- and E-form), depending on the 
5 arrangement of the substituents around the -C=N- double bond. A chemical 
compound of the present invention may thus be the syn- or the anti-form (Z- and E- 
form), or it may be a mixture hereof 

Methods of Producing Diazacycloalkane Derivatives 

10 The diazacycloalkane derivatives of the invention may be prepared by 

conventional methods for chemical synthesis, e.g. those described in the working 
examples. The starting materials for the processes described in the present 
application are known or may readily be prepared by conventional methods from 
commercially available chemicals. 

15 Also one compound of the invention can be converted to another 

compound of the invention using conventional methods. 

The end products of the reactions described herein may be isolated by 
conventional techniques, e.g. by extraction, crystallisation, distillation, 
chromatography, etc. 

20 

Biological Activity 

The diazacycloalkane derivatives of the present invention are nicotinic 
receptor modulators; In the context of this invention the term "modulator" covert 
agonists, partial agonists, antagonists and allosteric modulators of the nicotinic acetyl 
25 choline receptor (nAChR). 

The compounds of the present invention exhibit a nicotinic pharmacology at 
least as good as nicotine itself, but preferably with lesser or even without the side 
effects associated with the use of nicotine. Moreover, the compounds of the invention 
are believed to have the potential as enhancers of neurotransmitter secretion, and 
30 suppress symptoms associated with a low activity of neurotransmitters. 

The compounds of the present invention may in particular be characterised 
by having one or more of the following functionalities: A high binding selectivity for the 
receptor subtypes of neuronal nAChR's, in particular the a3 and/or the a7 subtype, 
binding selectivity for the serotonin receptor, a low affinity for the muscular subtype, 
35 an induction of cell survival, an oral efficacy in vivo of arousalAattention, a low toxicity 
in vivo, and by being non-mutagenic. 

Due to their pharmacological profile the compounds of the invention may 
be useful for the treatment of diseases or conditions as diverse as CNS related 
diseases, diseases related to smooth muscle contraction, endocrine disorders, 
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diseases related to neurodegeneration, diseases related to inflammation, pain, and 
withdrawal symptoms caused by the termination of abuse of chemical substances. 

In a preferred embodiment the compounds of the invention are used for the 
treatment of diseases, disorders, or conditions relating to the central nervous system. 
5 Such diseases or disorders includes anxiety, cognitive disorders, learning deficit, 
memory deficits and dysfunction, Alzheimer's disease, attention deficit, attention 
deficit hyperactivity disorder, Parkinson's disease, Huntington's disease, Amyotrophic 
Lateral Sclerosis, Gilles de la Tourette's syndrome, depression, mania, manic 
depression, schizophrenia, obsessive compulsive disorders (OCD), panic disorders, 
10 eating disorders such as anorexia nervosa, bulimia and obesity, narcolepsy, 
nociception, AIDS-dementia, senile dementia, periferic neuropathy, autism, dyslexia, 
tardive dyskinesia, hyperkinesia, epilepsy, bulimia, post-traumatic syndrome, social 
phobia, chronic fatigue syndrome, sleeping disorders, pseudodementia, Ganser's 
syndrome, pre-menstrual syndrome, late luteal phase syndrome, chronic fatigue 
15 syndrome, mutism, trichotillomania, and jet-lag. 

In another preferred embodiment the compounds of the invention may be 
useful for the treatment of diseases, disorders, or conditions associated with smooth 
muscle contractions, including convulsive disorders, angina pectoris, premature 
labour, convulsions, diarrhoea, asthma, epilepsy, tardive dyskinesia, hyperkinesia, 
20 premature ejaculation, and erectile difficulty. 

In yet another preferred embodiment the compounds of the invention may 
be useful for the treatment of endocrine disorders, such as thyrotoxicosis, 
pheochromocytoma, hypertension and arrhythmias. 

In still another preferred embodiment the compounds of the invention may 
25 be useful for the treatment of neurodegenerative disorders, including transient anoxia 
and induced neurodegeneration. 

In even another preferred embodiment the compounds of the invention 
may be useful for the treatment of inflammatory diseases, disorders, or conditions, 
including inflammatory skin disorders such as acne and rosacea, Chron's disease, 
30 inflammatory bowel disease, ulcerative colitis, and diarrhoea. 

In still another preferred embodiment the compounds of the invention may 
be useful for the treatment of mild, moderate or even severe pain of acute, chronic or 
recurrent character, as well as pain caused by migraine, postoperative pain, and 
phantom limb pain. 

35 Finally the compounds of the invention may be useful for the treatment of 

withdrawal symptoms caused by termination of use of addictive substances. Such 
addictive substances include nicotine containing products such as tobacco, opioids 
such as heroin, cocaine and morphine, benzodiazepines and benzodiazepine-like 
drugs, and alcohol. Withdrawal from addictive substances is in general a traumatic 
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experience characterised by anxiety and frustration, anger, anxiety, difficulties in 
concentrating, restlessness, decreased heart rate and increased appetite and weight 
gain. 

In this context "treatment" covers treatment, prevention, prophylactics and 
5 alleviation of withdrawal symptoms and abstinence as well as treatment resulting in a 
voluntary diminished intake of the addictive substance. 

In another aspect, the compounds of the invention are used as diagnostic 
agents, e.g. for the identification and localisation of nicotinic receptors in various 
tissues. For this purpose the stannate derivatives of the are particularly useful. 

10 

Neuroimaging 

The diazacycloalkane derivatives of the invention, in particular those being 
selective for the nicotinic receptor subtype a3, may be useful as diagnostic tools or 
monitoring agents in various diagnostic methods, and in particular for in vivo receptor 
15 imaging (neuroimaging). 

In another aspect of the invention, a method for the non-invasive 
determination of the distribution of a tracer compound inside a whole, intact living 
animal or human body using a physical detection method is provided. According to 
this method a tracer compound is a compound of the invention, or any of its 
20 enantiomers or any mixture thereof, or a pharmaceutically acceptable salt thereof, in 
labelled or unlabel led form. 

In a preferred embodiment the physical detection method is selected from 
PET, SPECT; MRS, MRI, CAT, or combinations thereof. 

The labelled compound of the invention preferably contains at least one 
25 radionuclide as a label. Positron emitting radionuclides are all candidates for usage. In 
the context of this invention the radionuclide is preferably selected from 2 H 
(deuterium), 3 H (tritium), 11 C, 13 C, 14 C, 15 0, 13 N, 123 l, 125 1, l31 l, 18 F and " m Tc. 

An examples of commercially available labelling agents, which can be used 
in the preparation of the labelled compounds of the present invention is [ 11 C]0 2 , 18 F, 
30 and Nal with different isotopes of Iodine. 

In particular [ 11 C]0 2 may be converted to a [ 11 C]-methylating agent, such 
as [ 11 C]H 3 I or [ 11 C]-methyl triflate. 

Labelled compounds containing e.g. [ 125 l] labelled 1-iodoprop-1-en-3-yl as 
substituent on N-8 may be prepared as described in the art [Elmaleh, et a/.; J. Nucl. 
35 Med. 1996 37 1197-1202]. 

Labelled compounds containing e.g. [ 18 F]-alkyl substituted N-8 may be 
prepared as described in the art, e.g. in WO 96/39198. 

The tracer compound can be selected in accordance with the detection 
method chosen. 



WO 00/64885 



23 



PCT/DKOO/00202 



In one preferred embodiment, the labelled or unlabelled compound of the 
invention can be detected by a suitable spectroscopic method, in particular UV 
spectroscopy and/or fluorescence spectroscopy. 

In anther preferred embodiment, the compounds of the invention labelled 
5 by incorporation of a isotope into the molecule, which may in particular be an isotope 
of the naturally occurring atoms including 2 H (deuterium), 3 H (tritium), 11 C, 13 C, 14 C, 
15 Q 13 N 123, 125, 131,^ i8 p and 99m Jc and Jhe jsotope ^corporation may be measured 

by conventional scintillation counting techniques. 

In a third preferred embodiment, the physical method for detecting said 
10 tracer compound of the present invention is selected from Position Emission 
Tomography (PET), Single Photon Imaging Computed Tomography (SPECT), 
Magnetic Resonance Spectroscopy (MRS), Magnetic Resonance Imaging (MRI), and 
Computed Axial X-ray Tomography (CAT), or combinations thereof. 

Before conducting the method of the present invention, a diagnostically 
15 effective amount of a labelled or unlabelled compound of the invention is administered 
to a living body, including a human. 

The diagnostically effective amount of the labelled or unlabelled compound 
of the invention to be administered before conducting the in-vivo method for the 
present invention is within a range of from 0.1 ng to 100 mg per kg body weight, 
20 preferably within a range of from 1 ng to 10 mg per kg body weight. 

Pharmaceutical Compositions 

In ' another aspect the invention provides novel pharmaceutical 
compositions comprising a therapeutically effective amount of the chemical compound 

25 of the invention. 

While a chemical compound of the invention for use in therapy may be 
administered in the form of the raw chemical compound, it is preferred to introduce 
the active ingredient, optionally in the form of a physiologically acceptable salt, in a 
pharmaceutical composition together with one or more adjuvants, excipients, earners, 

30 buffers, diluents, and/or other customary pharmaceutical auxiliaries. 

In a preferred embodiment, the invention provides pharmaceutical 
compositions comprising the chemical compound of the invention, or a 
pharmaceutical^ acceptable salt or derivative thereof, together with one or more 
pharmaceutical^ acceptable carriers therefor, and, optionally, other therapeutic and/or 

35 prophylactic ingredients. The carriers) must be "acceptable* in the sense of being 
compatible with the other ingredients of the formulation and not harmful to the 
recipient thereof 

Pharmaceutical compositions of the invention may be those suitable for 
oral, rectal, bronchial, nasal, topical (including buccal and sub-lingual), transdermal, 
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vaginal or parenteral (including cutaneous, subcutaneous, intramuscular, 
intraperitoneal, intravenous, intraarterial, intracerebral, intraocular injection or infusion) 
administration, or those in a form suitable for administration by inhalation or 
insufflation, including powders and liquid aerosol administration, or by sustained 
5 release systems. Suitable examples of sustained release systems include semi- 
permeable matrices of solid hydrophobic polymers containing the compound of the 
invention, which matrices may be in form of shaped articles, e.g. films or 
microcapsules. 

The chemical compound of the invention, together with a conventional 

10 adjuvant, carrier, or diluent, may thus be placed into the form of pharmaceutical 
compositions and unit dosages thereof. Such forms include solids, and in particular 
tablets, filled capsules, powder and pellet forms, and liquids, in particular aqueous or 
non-aqueous solutions, suspensions, emulsions, elixirs, and capsules filled with the 
same, all for oral use, suppositories for rectal administration, and sterile injectable 

15 solutions for parenteral use. Such pharmaceutical compositions and unit dosage 
forms thereof may comprise conventional ingredients in conventional proportions, with 
or without additional active compounds or principles, and such unit dosage forms may 
contain any suitable effective amount of the active ingredient commensurate with the 
intended daily dosage range to be employed. 

20 The chemical compound of the present invention can be administered in a 

wide variety of oral and parenteral dosage forms. It will be obvious to those skilled in 
the art that the following dosage forms may comprise, as the active component, either 
a chemical compound of the invention or a pharmaceutical^ acceptable salt of a 
chemical compound of the invention. 

25 For preparing pharmaceutical compositions from a chemical compound of 

the present invention, pharmaceutical^ acceptable carriers can be either solid or 
liquid. Solid form preparations include powders, tablets, pills, capsules, cachets, 
suppositories, and dispersible granules. A solid carrier can be one or more 
substances which may also act as diluents, flavouring agents, solubilizers, lubricants, 

30 suspending agents, binders, preservatives, tablet disintegrating agents, or an 
encapsulating material. 

In powders, the carrier is a finely divided solid which is in a mixture with the 
finely divided active component. 

In tablets, the active component is mixed with the carrier having the 

35 necessary binding capacity in suitable proportions and compacted in the shape and 
size desired. 

The powders and tablets preferably contain from five or ten to about 
seventy percent of the active compound. Suitable carriers are magnesium carbonate, 
magnesium stearate, talc, sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth, 
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methylcellulose, sodium carboxymethylcellulose, a low melting wax, cocoa butter, and 
the like. The term "preparation" is intended to include the formulation of the active 
compound with encapsulating material as carrier providing a capsule in which the 
active component, with or without carriers, is surrounded by a carrier, which is thus in 
5 association with it. Similarly, cachets and lozenges are included. Tablets, powders, 
capsules, pills, cachets, and lozenges can be used as solid forms suitable for oral 
administration. 

For preparing suppositories, a low melting wax, such as a mixture of fatty 
acid glyceride or cocoa butter, is first melted and the active component is dispersed 

10 homogeneously therein, as by stirring. The molten homogenous mixture is then 
poured into convenient sized moulds, allowed to cool, and thereby to solidify. 

Compositions suitable for vaginal administration may be presented as 
pessaries, tampons, creams, gels, pastes, foams or sprays containing in addition to 
the active ingredient such carriers as are known in the art to be appropriate. 

15 Liquid preparations include solutions, suspensions, and emulsions, for 

example, water or water-propylene glycol solutions. For example, parenteral injection 
liquid preparations can be formulated as solutions in aqueous polyethylene glycol 
solution. 

The chemical compound according to the present invention may thus be 

20 formulated for parenteral administration (e.g. by injection, for example bolus injection 
or continuous infusion) and may be presented in unit dose form in ampoules, pre-filled 
syringes, small volume infusion or in multi-dose containers with an added 
preservative. The compositions may take such forms as suspensions, solutions, or 
emulsions in oily or aqueous vehicles, and may contain formulation agents such as 

25 suspending, stabilising and/or dispersing agents. Alternatively, the active ingredient 
may be in powder form, obtained by aseptic isolation of sterile solid or by 
lyophilization from solution, for constitution with a suitable vehicle, e.g. sterile, 
pyrogen-free water, before use. 

Aqueous solutions suitable for oral use can be prepared by dissolving the 

30 active component in water and adding suitable colorants, flavours, stabilising and 
thickening agents, as desired. 

Aqueous suspensions suitable for oral use can be made by dispersing the 
finely divided active component in water with viscous material, such as natural or 
synthetic gums, resins, methylcellulose, sodium carboxymethylcellulose, or other well 

35 known suspending agents. 

Also included are solid form preparations which are intended to be 
converted, shortly before use, to liquid form preparations for oral administration. Such 
liquid forms include solutions, suspensions, and emulsions. These preparations may 
contain, in addition to the active component, colorants, flavours, stabilisers, buffers, 
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artificial and natural sweeteners, dispersants, thickeners, solubilizing agents, and the 
like. 

For topical administration to the epidermis the chemical compound of the 
invention may be formulated as ointments, creams or lotions, or as a transdermal 
5 patch. Ointments and creams may, for example, be formulated with an aqueous or 
oily base with the addition of suitable thickening and/or gelling agents. Lotions may be 
formulated with an aqueous or oily base and will in general also contain one or more 
emulsifying agents, stabilising agents, dispersing agents, suspending agents, 
thickening agents, or colouring agents. 

10 Compositions suitable for topical administration in the mouth include 

lozenges comprising the active agent in a flavoured base, usually sucrose and acacia 
or tragacanth; pastilles comprising the active ingredient in an inert base such as 
gelatin and glycerine or sucrose and acacia; and mouthwashes comprising the active 
ingredient in a suitable liquid carrier. 

15 Solutions or suspensions are applied directly to the nasal cavity by 

conventional means, for example with a dropper, pipette or spray. The compositions 
may be provided in single or multi-dose form. In the latter case of a dropper or pipette, 
this may be achieved by the patient administering an appropriate, predetermined 
volume of the solution or suspension. In the case of a spray, this may be achieved for 

20 example by means of a metering atomising spray pump. 

Administration to the respiratory tract may also be achieved by means of an 
aerosol formulation in which the active ingredient is provided in a pressurised pack 
with a suitable propellant such as a chlorofluorocarbon (CFC) for example 
dichlorodifluoromethane, trichlorofluoromethane, or dichlorotetrafluoroethane, carbon 

25 dioxide, or other suitable gas. The aerosol may conveniently also contain a surfactant 
such as lecithin. The dose of drug may be controlled by provision of a metered valve. 

Alternatively the active ingredients may be provided in the form of a dry 
powder, for example a powder mix of the compound in a suitable powder base such 
as lactose, starch, starch derivatives such as hydroxypropylmethyl cellulose and 

30 polyvinylpyrrolidone (PVP). Conveniently the powder carrier will form a gel in the nasal 
cavity. The powder composition may be presented in unit dose form for example in 
capsules or cartridges of, e.g., gelatin, or blister packs from which the powder may be 
administered by means of an inhaler. 

In compositions intended for administration to the respiratory tract, 

35 including intranasal compositions, the compound will generally have a small particle 
size for example of the order of 5 microns or less. Such a particle size may be 
obtained by means known in the art, for example by micronization. 

When desired, compositions adapted to give sustained release of the 
active ingredient may be employed. 
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The pharmaceutical preparations are preferably in unit dosage forms. In 
such form, the preparation is subdivided into unit doses containing appropriate 
quantities of the active component. The unit dosage form can be a packaged 
preparation, the package containing discrete quantities of preparation, such as 
5 packaged tablets, capsules, and powders in vials or ampoules. Also, the unit dosage 
form can be a capsule, tablet, cachet, or lozenge itself, or it can be the appropriate 
number of any of these in packaged form. 

Tablets or capsules for oral administration and liquids for intravenous 
administration and continuous infusion are preferred compositions. 
10 Further details on techniques for formulation and administration may be 

found in the latest edition of Remington's Pharmaceutical Sciences (Maack Publishing 
Co., Easton, PA). 

A therapeutically effective dose refers to that amount of active ingredient 
which ameliorates the symptoms or condition. Therapeutic efficacy and toxicity, e.g. 

15 ED50 and LD50, may be determined by standard pharmacological procedures in cell 
cultures or experimental animals. The dose ratio between therapeutic and toxic 
effects is the therapeutic index and may be expressed by the ratio LD50/ED50. 
Pharmaceutical compositions which exhibit large therapeutic indexes are preferred. 

The dose administered must of course be carefully adjusted to the age, 

20 weight and condition of the individual being treated, as well as the route of 
administration, dosage form and regimen, and the result desired, and the exact 
dosage should of course be determined by the practitioner. 

The actual dosage depend on the nature and severity of the disease being 
treated and the route of administration, and is within the discretion of the physician, 

25 and may be varied by titration of the dosage to the particular circumstances of this 
invention to produce the desired therapeutic effect. However, it is presently 
contemplated that pharmaceutical compositions containing of from about 0.1 to about 
500 mg of active ingredient per individual dose, preferably of from about 1 to about 
100 mg, most preferred of from about 1 to about 10 mg, are suitable for therapeutic 

30 treatments. 

The active ingredient may be administered in one or several doses per day. 
A satisfactory result can, in certain instances, be obtained at a dosage as low as 0.1 
ng/kg i.v. and 1 ng/kg p.o. The upper limit of the dosage range is presently considered 
to be about 10 mg/kg i.v. and 100 mg/kg p.o. Preferred ranges are from about 0.1 
35 jig/kg to about 10 mg/kg/day i.v., and from about 1 jig/kg to about 100 mg/kg/day p.o. 

Methods of Therapy 

The compounds of the present invention are valuable nAChR modulators 
and therefore useful for the treatment of a range of ailments involving cholinergic 
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dysfunction as well as a range of disorders responsive to the action of nAChR 
modulators as well as the serotonin receptor. 

In another aspect the invention relates to the a method of the treatment or 
alleviation of a disease, disorder or condition of a living animal body, including a 
5 human, which disease, disorder or condition is responsive to the action of a nicotinic 
Acetyl Choline Receptor (nAChR) modulator, which method comprises the step of 
administering to such a living animal body, including a human, in need thereof a 
therapeutically effective amount of the chemical compound of the invention. 

In the context of this invention the term "treating" covers treatment, 

10 prevention, prophylaxis or alleviation, and the term "disease" covers illnesses, 
diseases, disorders and conditions related to the disease in question. 

In a preferred embodiment the disease or disorder to be treated is a 
disease or disorder of the central nervous system, a disease or disorder caused by or 
related to smooth muscle contraction, an endocrine disorder, a disease or disorder 

15 caused by or related to neuro-degeneration, a disease or disorder caused by or 
related to inflammation, pain, a withdrawal symptom caused by the termination of 
abuse of chemical substances. 

In a more preferred embodiment the disease or disorder of the central 
nervous system is anxiety, cognitive disorders, learning deficit, memory deficits and 

20 dysfunction, Alzheimer's disease, attention deficit, attention deficit hyperactivity 
disorder, Parkinson's disease, Huntington's disease, Amyotrophic Lateral Sclerosis, 
Gilles de la Tourette's syndrome, depression, mania, manic depression, 
schizophrenia, obsessive compulsive disorders (OCD), panic disorders, eating ~ 
disorders such as anorexia nervosa, bulimia and obesity, narcolepsy, nociception, 

25 AIDS-dementia, senile dementia, perrferic neuropathy, autism, dyslexia, tardive 
dyskinesia, hyperkinesia, epilepsy, bulimia, post-traumatic syndrome, social phobia, 
chronic fatigue syndrome, sleeping disorders, pseudodementia, Ganser s syndrome, 
pre-menstrual syndrome, late luteal phase syndrome, chronic fatigue syndrome, 
mutism, trichotillomania, and jet-lag. 

30 In another preferred embodiment the disease or disorder caused by or 

related to smooth muscle contraction is convulsive disorders, angina pectoris, 
premature labour, convulsions, diarrhoea, asthma, epilepsy, tardive dyskinesia, 
hyperkinesia, premature ejaculation, and erectile difficulty. 

In a third preferred embodiment the endocrine disorder is thyrotoxicosis, 

35 pheochromocytoma, hypertension and arrhythmias. 

In a fourth preferred embodiment the neurodegenerative disease is 
transient anoxia and induced neurodegeneration. 
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In a fifth preferred embodiment the disease or disorder caused by or 
related to inflammation is an inflammatory skin disorder such as acne and rosacea, 
Chron's disease, inflammatory bowel disease, ulcerative colitis, and diarrhoea. 

In a sixth preferred embodiment pain is a mild, a moderate or a severe pain 
5 of acute, chronic or recurrent character, a pain caused by migraine, a postoperative 
pain, or a phantom limb pain. 

In a third preferred embodiment the addictive substance is a nicotine 
containing product such as tobacco, an opioids such as heroin, cocaine or morphine, 
a benzodiazepine or a benzodiazepine-like drug, or alcohol. 
10 It is at present contemplated that a suitable dosage lies within the range of 

from about 0.1 to about 500 milligram of active substance daily, more preferred of 
from about 10 to about 70 milligram of active substance daily, administered once or 
twice a day, dependent as usual upon the exact mode of administration, form in which 
administered, the indication toward which the administration is directed, the subject 
15 involved and the body weight of the subject involved, and further the preference and 
experience of the physician or veterinarian in charge. 

EXAMPLES 

20 The invention is further illustrated in the following examples which are not 

intended to be in any way limiting to the scope of the invention as claimed. 

All reactions involving air sensitive reagents or intermediates were 
performed under nitrogen and in anhydrous solvents. Magnesium sulphate is used as 
drying agent in the workup-procedures and solvents were evaporated under reduced 

25 pressure. 

Example 1 
Pyridylpiperazines 

30 Method A 

4-MethvM43-pyridvl)-piperazine fumaric acid salt (Compound 1A1) 
A solution of 1-(3-pyridyl)-piperazine (0.35 g, 2.1 mmol), formic acid (1.0 g, 21.7 
mmol), formaldehyde (0.64 g, 37%) and water (2 ml) was stirred at reflux for 15 hours. 
The mixture was evaporated and sodium hydroxide (30 ml, 1 M) was added and the 
35 product was extracted three times with ethyl acetate (15 ml). The corresponding salt 
was obtained by addition of a diethyl ether and methanol mixture (9:1) saturated with 
fumaric acid. Yield 0.21 g, 34%. Mp. 144.5-145.9°C, 

1-(5-Pentvloxv-3-pvridv(M-methvI-piperazine fumaric acid salt (Compound 1A2) 
40 Was prepared according to method A. Mp. 1 1 3.6-1 1 5. 1 °C. 
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1-r5-(f/BA?s-Hex-2-en-1-vl-oxv-3"Pvridyl1-4-methvl-piperazine fumaric acid salt 
(Compound 1A3) 

Was prepared according to method A. Mp. 11 3.0-1 14.9°C. 

5 

Method B 

1-(3-Pvridvl)-piperazine fumaric acid satt (Compound 1B1) 

A solution of 1-(3-pyridyl)-4-fert-butoxycarbonylpiperazine (1.3 g, 4.9 mmol), 
trifluoroacetic acid (11.3 g, 99 mmol) and dichloromethane (50 ml) was stirred for 15 
10 hours. The mixture was evaporated. Sodium hydroxide (30 ml, 4 M) was added. The 
product was extracted three times with dichloromethane (50 ml) and isolated as an oil. 
Yield 0.72 g, 90%. The corresponding salt was obtained by addition of a diethyl ether 
and methanol mixture (9:1), saturated with fumaric acid. Mp. 161.7-164.8°C. 

15 Method C 

1-(3-PvridvlV4- ferf-butoxvcarbonvl-piperazine (Compound 1C1) 
A mixture of 3-bromopyridine (7.8 g, 49.4 mmol), 1-tert-butoxycarbonylpiperazine (9.2 
g, 49.4 mmol), tetrakis(triphenylphosphine)palladium(0) (286 mg, 0.247 mmol), 
potassium terf-butoxide (11.1 g, 98.8 mmol) and anhydrous toluene (100 ml) was 
20 stirred at 80°C for 0.5 hours. Water (100 ml) was added and the mixture was 
extracted three times with ethyl acetate (75 ml). Chromatography on silica gel with 
dichloromethane, methanol and cone, ammonia (89:10:1) gave the title compound as 
an oil. Yield 1.34 g t 10%. 

25 Method D 

1-(5-Ethoxv-3-pvridvQpiperazine fumaric acid salt (Compound 1D1) 
A mixture of 3-chloro-5-ethoxypyridine (6.5 g, 45.8 mmol), piperazine (19.7 g, 229 
mmol), potassium ferf-butoxide (11.2 g, 91.6 mmol) and 1,2-dimethoxyethane (150 
ml) was stirred at reflux for 1 hours. Aqueous sodium hydroxide (1 M, 100 ml) was 
30 added and the mixture was extracted two times with ethyl acetate (150 ml). 
Chromatography on silica gel with dichloromethane, methanol and cone, ammonia 
(89:10:1) gave the title compound. Yield 4.6 g, 48%. The corresponding salt was 
obtained by addition of a diethyl ether and methanol mixture (9:1) saturated with 
fumaric acid. Mp. 160.0-161. 2°C. 

35 

1-[5-(ButoxvV3-pvridvlM,5-diazacvclooctane fumaric acid salt (Compound 1D2) 
Was prepared according to method D, from 3-chloro-5-(butoxy)-pyridine, stirred at 
room temperature for 3 days.1,5-Diazacyclooctane was prepared according to J. 
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Hernandez-Mora "Derivatives of 1,5-diazacyclooctane" Ph.D. Dissertation, University 
of Michigan (1959). Mp. 146-148°C. 

1-(5-Ethoxv-3-pyridvlM-ethvl-piperazine fumaric acid salt (Compound 1D3) 
5 A mixture of 1-(5-ethoxy-3-pyridyl)-piperazine (1.4 g, 6.8 mmol), triethylamine (0.69 g, 
6.8 mmol), bromoethane (0.88 g, 8.1 mmol) and dimethylformamide (25 ml). Aqueous 
sodium hydroxide (1 M, 50 ml) was added and the mixture was extracted two times 
with ethyl acetate (50 ml). Chromatography on silica gel with dichloromethane, 
methanol and cone, ammonia (89:10:1) gave the title compound. Yield 0.75 g, 47%. 
10 The corresponding salt was obtained by addition of a diethyl ether and methanol 
mixture (9:1), saturated with fumaric acid. Mp. 144.8-145.9°C. 

1-(5-Methoxv-3-Pvridvl)-4-ethvl-piperazine fumaric acid salt (Compound 1D4) 
Was prepared according to 1-(5-ethoxy-3*pyridylH-ethyl-piperazine. Mp. 147.9- 
15 148.3°C. 

4-Ethvl-1-(5-propvloxv-3-Pvridvl)-piperazine fumaric acid salt (Compound 1D5) 

Was prepared according to 1-(5-ethoxy-3-pyridyl)-4-ethyl-piperazine. Mp. 128.7- 

130.5°C. 

20 

Example 2 

Pyridylhomopiperazines 
Method A 

25 4-MethvM-(3-pyridvl)-homopiperazine (Compound 2A1) 

A solution of 1-(3-pyridyl)-homopiperazine (0.42 g, 2,4 mmol), formic acid (3.3 g, 71.7 
mmol), formaldehyde (2.1 g, 37%) and water (10 ml) was stirred at reflux for 15 hours. 
The mixture was evaporated and sodium hydroxide (15 ml, 4 M) was added and the 
product was extracted two times with ethyl acetate (15 ml). The product was obtained 

30 as an oil. Yield 0.46 g, 100%. 

3.5-B/s-(N.N'-homopiperazinvl)-pvridine fumaric acid salt (Compound 2A2) 
Was prepared according to method A from 1-[5-(1-(4-fe/f- 
butoxycarbonylhomopiperazinyl))-3-pyridyl]homopiperazine. The corresponding salt 
35 was obtained by addition of a diethyl ether and methanol mixture (9:1), saturated with 
fumaric acid. Mp. 1 34-1 36°C. 



4-BenzvM-(3-Pvridvl)-homopiperazine fumaric acid salt (Compound 2A3) 
1-(3-Pyridyl)-homopiperazine (0.54 g, 3.0 mmol), potassium carbonate (0.42 g, 3.0 
40 mmol), benzylbromide (0.56 g f 3.3 mmol) in dimethylformamide (40 ml) was stirred at 
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80°C for one hour. Water (100 ml) was added and the mixture was extracted twice 
with ethyl acetate (25 ml). Yield 0.39 g, 49%. The corresponding salt was obtained by 
addition of a diethyl ether and methanol mixture (9:1), saturated with fumaric acid. Mp. 
( 148.4-149.0°C. 

5 

1-(5-Ethoxv-3-pyridvlM-ethvl-homopiperazine fumaric acid salt (Compound 2A4) 
Was prepared according to 4-benzyl-1-(3-pyridyl)-homopiperazine. Mp. 130.9- 
133.1°C. 

10 1-(5-Ethoxv-3-pvridvl)-4-propyl-homopiperazine fumaric acid salt (Compound 2A5) 
Was prepared according to 4-benzyl-1-(3-pyridyl)-homopiperazine. Mp. 96.5-97.5°C. 

1-(5-Ethoxv-3-pvridvl)-4-(prop-2-en-1-vl-Vhomopiperazine fumaric acid salt 
(Compound 2A6) 

15 Was prepared according to 4-benzyI-1-(3-pyridyl)-homopiperazine at room 
temperature. Mp. 11 9.2-1 24.1 °C. 

Method B 

1-(3-Pvridvl)-homopiperazine fumaric acid salt (Compound 2B1) 
20 A solution of 1-(3-pyridyl)-4-/e/f-butoxycarbonylhomopiperazine (0.91 g, 3.3 mmol), 
trifluoroacetic acid (7.5 g f 66 mmol) and dichloromethane (30 ml) was stirred for 15 
hours. The mixture was evaporated. Sodium hydroxide (30 ml, 4 M) was added. The 
product was extracted two times with dichloromethane (30 ml) and isolated as an oil. 
Yield 0.50 g, 85%. The corresponding salt was obtained by addition of a diethyl ether 
25 and methanol mixture (9:1) saturated with fumaric acid. Mp. 172.1-172.9°C. 

1-r5-(Propvl-1 t 2-epoxv-1-oxvV3-Pvridvn-homopiperazine (Compound 2B2) 
Was prepared according to method B. Mp. 1 35.2-1 39.0°C. 

30 1-(5-Phenvlacetvlenvl-3-PVridvl)-homopiperazine fumaric acid salt (Compound 2B3) 
Was prepared according to method B. Mp. 1 55.2-1 57.8°C. 

1-(5.6-Dichloro-3-pyridvn-homopiperazine fumaric acid salt (Compound 2B4) 
Was prepared according to method B. Mp. 1 72.2-1 73.4°C. 

35 

1-(6-Bromo-5-chloro-3-pyridvlVhomopiperazine fumaric acid salt (Compound 2B5) 
Was prepared according to method B. Mp. 213-216°C. 



1-(5.6-Dibromo-3-pyridvl)-homopiperazine fumaric acid salt (Compound 2B6) 



40 Was prepared according to method B. Mp. 192.1-193.2°C. 
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1-(5-Bromo-6-chloro-3-pyridvlVhomopiperazine fumaric acid salt (Compound 2B7) 
Was prepared according to method B. Mp. 188.2-1 89.2°C. 

1-(5-lodo-3"Pvridyl)-homopiperazine fumaric acid salt (Compound 2B8) 
5 Was prepared according to method B. Mp. 178-180°C. 

1-(6-Bromo-5-methoxv-3-pvridvl)-homopiperazine fumaric acid salt (Compound 2B9) 
Was prepared according to method B. Mp. 210-212°C. 

10 1-(6-Bromo-5-propvloxv-3-pyridvn-homopiperazine fumaric acid salt (Compound 
2B10) 

Was prepared according to method B. Mp. 154-155°C. 

1-(6-Bromo-5-vinvloxv-3-pvridvl)-homopiperazine fumaric acid salt (Compound 2B11) 
15 Was prepared according to method B. Mp. 128.6°C. 

1-(6-Chloro-5-vinvloxv-3-pvridvl>-homoDiDerazine fumaric acid salt (Compound 2B12) 
Was prepared according to method B. Mp. 183-185°C. 

20 Method C 

1-(3-PvridvM-fer/-butoxvcarbonvlhomopiperazine (Compound 2C1) 
A mixture of 3-bromopyridine (3.95 g, 25.0 mmol), 1-ferf-butoxycarbonyl- 
homopiperazine (5.0 g, 25.0 mmol), tetrakis(triphenylphosphine)palladium(0) (145 mg, 
0.125 mmol), potassium ferf-butoxide (6.1 g, 50.0 mmol) and anhydrous toluene (75 
25 ml) was stirred at 80°C for 4 hours. Water (100 ml) was added and the mixture was 
extracted three times with ethyl acetate (50 ml). Chromatography on silica gel with 
dichloromethane, methanol and cone, ammonia (89:10:1) gave the title compound as 
an oil. Yield 0.92 g, 13%. 

30 Method D 

1-(5-MethoxY"3-pyridvn-homopiperazine fumaric acid salt (Compound 2D1) 
A mixture of 3-bromo-5-methoxypyridine (5.6 g t 30.0 mmol), homopiperazine (15.0 g, 
150 mmol), tetrakis(triphenylphosphine)palladium(0) (173 mg, 0.15 mmol), potassium- 
ferf-butoxide (6.7 g, 60 mmol) and anhydrous toluene (150 ml) was stirred at 80°C for 
35 4 hours. Water (100 ml) was added and the mixture was extracted seven times with 
ethyl acetate (150 ml). Chromatography on silica gel with dichloromethane, methanol 
and cone, ammonia (89:10:1) gave the title compound. Yield 3.5 g, 56%. The 
corresponding salt was obtained by addition of a diethyl ether and methanol mixture 
(9:1) saturated with fumaric acid. Mp. 161-162°C. 

40 
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Method E 

1-r(5-Methoxv-methoxv)-3-pvridvn-homopiperazine fumaric acid salt (Compound 2E1) 
A mixture of 3-chloro-5-methoxymethoxypyridine (10.0 g, 57.6 mmol), homopiperazine 
(28.8 g, 288 mmol), 1.3-/>/s-(diphenylphosphino)propanepalladiumdichloride (170 mg, 
5 0.29 mmol), potassium ferf-butoxide (12.9 g, 115 mmol) and 1 ,2-dimethoxyethane 
(100 ml) was stirred at reflux for 3 hours. Sodium hydroxide (1 M, 100 ml) was added 
and the mixture was extracted two times with ethyl acetate (150 ml). Chromatography 
on silica gel with dichloromethane, methanol and cone, ammonia (89:10:1) gave the 
title compound as free base. Yield 9.7 g, 71%. The corresponding salt was obtained 
10 by addition of a diethyl ether and methanol mixture (9:1) saturated with fumaric acid. 
Mp. 129.5-131 °C. 

Method F 

1-(5-(1-PvrroMV3-Pvridvl)-homopiperazine fumaric acid salt (Compound 2F1) 
15 A mixture of 3-chloro-5-(1-pyrrolyl)-pyridine (6.3 g, 35.3 mmol), homopiperazine (7.06 

g, 70.5 mmol), potassium ferf-butoxide (7.91 g, 70.5 mmol) and 1 ,2-dimethoxyethane 

(100 ml) was stirred at reflux for 3 hours. Sodium hydroxide (1 M, 120 ml) was added 

and the mixture was extracted three times with ethyl acetate (100 ml). 

Chromatography on silica gel with dichloromethane, methanol and cone, ammonia 
20 (89:10:1) gave the title compound. Yield 3.45 g, 40%. The corresponding salt was 

obtained by addition of a diethyl ether and methanol mixture (9:1) saturated with 

fumaric acid. Mp. 174-175°C. 

1-r5-(2-Ethvl-1-butoxy)-3-pyridvn-homopiperazine fumaric acid salt (Compound 2F2) 
25 Was prepared according to method F. Mp. 11 3.7-1 15.9°C. 

1-r5-(1-Methvl-1-prop>2-en-oxv)-3-pyridvn-homopiperazine fumaric acid salt 
(Compound 2F3) 

Was prepared according to method F. Mp. 129.5-133.6°C. 

30 

1-r5-(Cvclobutvlmethoxv)-3-pvridvn-homopiperazine fumaric acid salt (Compound 
2F41 

Was prepared according to method F. Mp. 1 58.9-1 59.9°C. 

35 1-r5-(Hex-2-en-oxv)-3-pyridvl1-homopiperazine fumaric acid salt (Compound 2F5) 
Was prepared according to method F. Mp. 1 26.8-1 30.2 D C. 

1-f5-(2-Methvl-1-prop-1-en-oxvW3"Pvridyl1-homopiperazine fumaric acid salt 
(Compound 2F6) 
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Was prepared according to method F, with reflux for 3 days to ensure complete 
isomerisation of the double bond from 1-[5-(1-MethyM-prop-2-en-oxy)-3- 
pyridyl]homopiperazine. Mp. 114.4-1 16.0°C. 

5 1-r5-fN-Butyl-N-methvlaminoV3-pvridvll-homopiperazine fumaric acid salt 
(Compound 2F7) 

Was prepared according to method F. Mp. 140.5-141. 8°C. 

1-r5-(N-pvrrolidinvl)-3-pvridvl]-homopiperazine fumaric acid salt (Compound 2F8) 
10 Was prepared according to method F. Mp. 141.5-143.0°C. 

1-f5-(N-Azetidinvl)-3-pyridvn-homopiperazine fumaric acid salt (Compound 2F9) 
Was prepared according to method F. Mp. 143.5-146.9°C. 

15 1-r5-(1-(4-terf-butoxvc^rbonvlhomoDiperazinvl))-3-pvridvn-homopiperazine fumaric 
acid salt (Compound 2F10) 

Was prepared according to method F from 1-(5-chloro-3-pyridyl)-4-/e/f- 
butoxycarbonylhomopiperazine. Mp. 184-186°C. 

20 1,4-B/s45-ethoxv-3-pvridylVhomopiperazine fumaric acid salt (Compound 2F11) 
Was prepared according to method F as the minor product. Mp. 155-156°C. 

1,4"B/s-f5-(1-pr6pvl-1-en-oxvV3-pvridvl1-homopiperazine fumaric acid salt 
(Compound 2F12) 

25 Was prepared according to method F as the minor product. Mp. 156-158°C. 

14-5/s-f5-(vinvl-oxvV3-pyridvn-homopiperazine fumaric acid salt (Compound 2F13) 
Was prepared according to method F as the minor product. Mp. 157-158.5°C. 

30 1-(5-Bromo-3-pvridvh-4-ferf*butoxvcarbonvlhomopiperazine (Compound 2F141 

A mixture of 1-(5-bromo-3-pyridyl)-homopiperazine (19.0 g, 74.2 mmol), and di-fert- 
butyl dicarbonat (16.2 g, 74.2 mmol), triethylamine (7.5 g, 74.2 mmol) and 
dichloromethane (200 ml) was stirred at room temperature for 1 hours. The crude 
mixture was purified by chromatography on silica gel using ethyl acetate : petroleum 

35 (1 : 1) as solvent. Yield 16.6 g, 55%. 



1-(5-Chloro-3-pvridvl)^4-terf-butoxvcarbonvlhomopiperazine (Compound 2F15) 

Was prepared from 1-(5-Chloro-3-pyridyl)-homopiperazine according to 1-(5-Bromo-3- 

pyridyl)-4-/e/t-butoxycarbonylhomopiperazine. 
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i-(R-Phfinvlacetvlenvl-3-pvridvlM-teff-butoxvca rbonvlhomoDiDerazine 
(Compound 2F16) 

A mixture of 1-(5-bromo-3-pyridyl)-4-tert-butoxycarbonylhomopiperazine (3.5 g, 9.8 
5 mmol), phenylacetylene (2.0 g, 19.6 mmol), tetrakis(triphenylphosphine)palladium(0) 
(100 mg, 0.086 mmol), diethylamine (1.4 g, 19.6 mmol) and tetrahydrofuran (50 ml) 
was refluxed for 5 hours. Aqueous sodium hydroxide (75 ml, 1M) was added. The 
mixture was extracted twice with ethyl acetate. The mixture was purified by 
chromatography on silica gel using ethyl acetate : petroleum (1 : 1) as solvent. Yield 
10 0.54 g, 7.3%. 

l-f fi. fi-Dichloro-S-pyridvn^-terf-butnxvrarbonvlh nmoDiDerazine (Compound 2F17) 
A mixture of 1-(5-chloro-3-pyridyl)-4-fe/f-butoxycarbonylhomopiperazine (1.56, 5.0 
mmol), 1,3-dichloro-5,5-dimethylhydantoin (0.985 g. 5.0 mmol) and dichloromethane 
15 (50 ml) was stirred for 180 minutes. The crude mixture was evaporated and purified 
by chromatography on silica gel using ethyl acetate : petroleum (3 : 1) as solvent. 
Yield 0.46 g, 27%. 

i-fR-Rromo-5-chloro-3-Pvridvn-4-fe rf-butoxvcarbnn Y lhomopipera2ine 

20 (Compound 2F18) 

A mixture of l-(5-chloro-3-pyridyl)-4-fe/f-butoxycarbonylhomopiperazine (2.34 g. 7.5 

mmol), N-bromosuccinimide (1.34 g, 7.5 mmol) and acetonitrile (75 ml) was stirred for 

60 minutes. The crude mixture was evaporated and purified by chromatography on 

silica gel using ethyl acetate : petroleum (2 : 1) as solvent Yield 2.5 g, 85%. 

25 

l-ffi . fi-nibromo-S-pvridyh^-terf-butoxvcarbonvlho mopiperazine (Compound 2F1 9) 
A mixture of 1-(5-bromo-3-pyridyl)-4-ferf-butoxycarbonylhomopiperazine (2.68 g, 7.5 
mmol), N-bromosuccinimide (1.34 g, 7.5 mmol) and acetonitrile (75 ml) was stirred for 
30 minutes. The crude mixture was evaporated and purified by chromatography on 
30 silica gel using ethyl acetate : petroleum (2 :1) as solvent. Yield 3.0 g, 92%. 

1-(5-Bromo-6-chloro-3-Pvridyh-4-terf-bu toxvcarbonvlhomopiperazine 
(Compound 2F20) 

A mixture of 1-(5-bromo-3-pyridyl)-4-ferf-butoxycarbonylhomopiperazine (2.68 g, 7.5 
35 mmol), 1,3^ichloro-5,5-dimethylhydantoin (0.89 g, 4.5 mmol) and acetonitrile (75 ml) 
was stirred for 45 minutes. The crude mixture was evaporated and purified by 
chromatography on silica gel using ethyl acetate : petroleum (2 : 1) as solvent. Yield 
0.80 g, 51%. 
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Method G 

1^6-Chloro3-Pvridazinvn-homoDiDerazine fumaric acid salt (Co mpound 2G1) 
A mixture of 3,6-dichloropyridazine (5.0 g, 33.5 mmol), homopiperazine (3.36g, 33.5 
mmol) and 50 ml of toluene was stirred at reflux for 0.5h. Sodium hydroxide (50 ml, 
5 1M) was added and the mixture was extracted three times with ethyl acetate (100 ml). 
Chromatography on silica gel with dichloromethane, methanol and cone. 
ammonia(89:10:1) gave the title compound as free base. Yield 2.2g, 31%. The 
corresponding salt was obtained by addition of a diethyl ether and methanol mixture 
(9:1) saturated with fumaric acid. Mp. 165-166°C. 

10 

1-(6-Bromo-3-pvridazinvlVl5-diazacvclooctane fumar ic acid salt (Compound 2G2) 
Was prepared according to method G, using dioxane at reflux. 3,6-Dibromopyridazine 
[Coad P, Coad RA, Clough S, Hyepock J, Salisbury R and Wilkins C; J. Org. Chem. 
1963 28 218-221] and 1,5-diazacyclooctane was used as starting material Mp. 164.5- 
15 166.5°C. 

1-f6-Bromo-3-pvridazinvl)-homopiperazine fumaric acid salt (Co mpound 2G3) 
Was prepared according to method G. Mp. 169-171 °C. 

20 Method H 

1-(3-Pvridazinvl)-homopiperazine (Compound 2H1) 

A mixture of 1-(3-chloro-6-pyridazinyl)-homopiperazine (5.56 g, 26.1 mmol), palladium 
on carbon (2.1 g, 10%) and ethanol (150 ml) was stirred under hydrogen overnight. 
The crude product was filtered through celite and evaporated. Chromatography on 
25 silica gel with dichloromethane, methanol and cone, ammonia (89:10:1) gave the title 
compound as free base. Yield 2.78 g, 60%, 1 85.0.1 86.9°C. 

1-r5-Phenvl-2-eth-1-vl-3-pvridvll-homopiperazine fumaric acid salt (Compo und 2H2) 
Was prepared from 1-(5-phenylacetylenyl-3-pyridyl) homopiperazine according to 
30 method H.Mp. 135.8-1 38.6°C. 

1-r5-Ethvl-3-pvridvn-homopiperazine fumaric acid satt (Compound 2H3) 

Was prepared from 1-(5-ethynyl-3-pyridyl) homopiperazine according to method H. 

Mp. 122.8-124.6°C. 

35 

1 45-(Propvl-1 -en-oxv)-3-pvridvl1-4-ferf-butoxvcarbonvl-homopiperazine 
(Compound 2H4) 

A mixture of 1-[5-(propyl-1-en-oxy)-3-pyridyl]-homopiperazine (5.0 g, 21.7 mmol), tert- 
butoxycarbonyl anhydride (5.7 g, 26.0 mmol), triethylamine (4.4 g, 43.4 mmol) and 
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dichlorornethane (100 ml) was stirred 1 h at room temperature. The organic phase 
was washed twice with an aqueous mixture of sodium hydroxide ( 50 ml, 1 M). 
Chromatography on silica gel with dichlorornethane and methanol (19:1) gave the 
title compound as free base as an oil. Yield 5.9 g, 82%. 

5 

1-F5-fPropvl-1.2^poxv-1^xv)-^^ 
(Compound 2H5) 

A mixture of 1-[5-(propyl-1-en-oxy)-3-pyridyl]-4-te/t-butoxycarbonyl-homopiperazine 
(2.0 g, 5.7 mmol), m-chloro-perbenzoic acid (1.3 g, 7.4 mmol) and chloroform (75 ml) 
10 was stirred at room temperature for 2 hours. Sodium hydroxide (150 ml, 1 M) was 
added, the aqueous phase was discarded and the organic phase was washed with 
sodium hydroxide (100 ml, 1 M). Chromatography on silica gel with dichlorornethane, 
methanol and cone, ammonia (89:10:1) gave the title compound as free base. Yield 
0.89 g, 45%. 

15 

Method I 

1 .4-ra.a'-B/s-(5-Ethoxv-3-pvridvH-homopiperazinvl)l-dimethvlbenzene fumaric acid 
salt (Compound 211) 

To a mixture of 1-(5-ethoxy-3-pyridyl)-homopiperazine (5.0 g, 22.6 mmol), 
20 triethylamine (2.1 g, 20.6 mmol) and ethanol (50 ml): was added oc,a'-dibromo-p- 
xylene (2.7 g, 10.3 mmol) at room temperature. The mixture was stirred overnight at 
room temperature. The crude mixture was evaporated and purified by 
chromatography on silica gel with dichlorornethane, methanol and cone, ammonia 
(89:10:1) gave the title compound as free base. Yield 0.84 g, 15%. The corresponding 
25 salt was obtained by addition of a diethyl ether and methanol mixture (9:1) saturated 
with fumaric acid. Mp. 1 73.0-1 74.9°C. 

1 .4-ra.a'-B/s-f6-Chloro-3'pvridazinvl-1 -homopiperazinvDl-dimethvlbenzene fumaric 
acid salt (Compound 212) 
30 Was prepared according to method I. Mp. 201-202°C. 

0.0'-B/s-r5-n-homopiperazinvl)-3-pvridvll-ethvlenealvcol fumaric acid salt 
(Compound 2I3) 

A mixture of O f O'-B/s-(5-chloro-3-pyridyl)-ethyleneglycol (3.0 g, 10.6 mmol), 
35 homopiperazine (5.3 g, 52.8 mmol), potassium-ferf-butoxide (5.9 g, 52.8 mmol) and 
1,2-dimethoxyethane (30 ml) was stirred at room temperature overnight. Aqueous 
sodium hydroxide (50 ml) was added and the mixture was extracted three times with 
ethyl acetate (30 ml). The crude mixture was evaporated and purified by 
chromatography on silica gel with dichlorornethane, methanol and cone, ammonia 
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(79:20:1) gave the title compound as free base. Yield 0.57 g, 13%. The corresponding 
salt was obtained by addition of a diethyl ether and methanol mixture (9:1) saturated 
with fumaric acid. Mp. 168-171°C. 

5 0.0'-B/s-(5-chloro-3-pyridvl)-ethvlenealvcol (Compound 2I4) 

(ReactanttoO I 0'-B/s-[5-(1-homopiperazinyl)-3-pyridyl]ethylenegrycol) 
A mixture of ethyleneglycol (138.4 g, 2.23 mol) and sodium (12.3 g, 0.53 mol) was 
stirred at 80 °C for 4 hours. 3,5-Dichloropyridine (66.0 g, 0.45 mol) and dimethyl 
sulfoxide (300 ml) was stirred at 110 °C for 10 hours. The mixture was allowed to 

10 reach room temperature. Aqueous sodium hydroxide (1 M, 600 ml) was added, the 
mixture was stirred and filtered. The title compound was isolated as a crystalline 
product was isolated (8.7 g, 6.8%). Mp. 136-138°C. 

1-r3-r4-Chloro-1.2.5-thiadiazolvmhomoDiperazine fumaric acid sa lt (Compound 2I5) 
15 A mixture of 3,4-dichloro-1,2,5-thiadiazole (5.0 g, 32.3 mmol) and homopiperazine 

(6.47 g, 64.6 mmol), in the absence of solvent, was stirred at 110 °C for 30 minutes. 

Aqueous sodium hydroxide (1 M, 100 ml) was added. The mixture was extracted with 

diethyl ether (3 x 50 ml). The crude mixture was evaporated and purified by 

chromatography on silica gel with dichloromethane, methanol and cone, ammonia 
20 (89:10:1) gave the title compound as free base. The corresponding salt was obtained 

by addition of a diethyl ether and methanol mixture (9:1) saturated with fumaric acid. 

Yield 6.3 g, 58%. Mp. 180-181 °C. 

1-r6-lodo-3-pyridazinyll-homopiperazine fumaric acid salt (Compound 2I6) 
25 Was prepared in the same way as 1-[3-(4-Chloro-1,2,5-thiadiazolyl)]-homopiperazine 
above from 3,6-diiodopyridazine in the presence of dioxane for 5 hours. Mp. 182.5- 
185°C. 

Method J 

30 1-(5-Chloro-3-pvridvl)-homopiperazine fumaric acid salt (Compound 2J1) 

A mixture of 3,5-dichloropyridine (50.0 g, 337.9 mmol) and homopiperazine (67.7 g, 
675.7 mmol) was stirred for 40 h at 150 °C in the absence of solvent The pH was 
adjusted to 6 by adding hydrochloric acid (4 M, 250 ml). The aqueous phase was 
washed two times with ethyl acetate (2x300 ml). Aqueous sodium hydroxide (4 M, 250 

35 ml) was added. The alkaline water phase was extracted five times with diethyl ether (5 
x 250 ml). The mixture was evaporated. Yield 29.0 g, 40%. The corresponding salt 
was obtained by addition of a diethyl ether and methanol mixture (9:1, 400 ml) with 
fumaric acid (16.7 g). Mp. 179-1 80°C. 
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1-(5-Bromo-3-pvridvl)-homopiperazine fumaric acid salt (Compound 2J2) 

Was prepared according to method J. The mixture was stirred overnight at 140°C. 

Mp. 186-187°C. 

5 1'r5-Chloro-3-pyridvl1-1.5-diazacvclooctane fumaric acid salt (Compound 2J3) 
Was prepared according to method J. Mp. 186-187°C. 

1-r5-Bromo-3-pvridvl1-1,5-diazacvclooctane fumaric acid salt (Compound 2J4) 
Was prepared according to method J. Mp. 151-153°C 

10 

1-(5-lodo-3-pyridvl)- 4- terf-butoxvcarbonyl-homopiperazine (Compound 2J5) 
Starting material to 1-(5-iodo-3-pyridyl)-homopiperazine. 

A mixture of lodomono chloride (588 mg, 3.6 mmol) and anhydrous dichloromethane 
(10 ml) was added to a mixture of 1-(5-trimethylstannyl-3-pyridyl)-4-fe/t- 

15 butoxycarbonyl-homopiperazine (1.45 g, 3.3 mmol) and dichloromethane (30 ml). The 
mixture was stirred at room temperature for 1 hours. Aqueous sodium hydroxide (25 
ml, 1 M) was added. The organic phase was separated. The aqueous phase was 
extracted with dichloromethane (25 ml). The combined organic phases was purified by 
chromatography on silica gel with dichloromethane and methanol (19 : 1) The title 

20 compound was isolated as an oil. Yield 0.80 g, 60%. 

1-(5-Trimethvlstannyl-3-pyridvl)-4-te/t-butoxvcarbonvl-homopiperazine 
(Compound 2J6) 

A mixture of 1-(5-bromo-3-pyridyl)-4-terf-butoxycarbonyl-homopiperazine (3.5 g, 9.82 
25 mmol), tetrakis(triphenylphosphine)palladium(0) (0.12 g, 0.10 mmol), hexamethylditin 
(5.0, 15.3 mmol) and 1 ,2-dimethoxyethane (50 ml) was heated at reflux for 2 hours. 
Aqueous sodium hydroxide (50 ml, 0.5 M) was added. The mixture was extracted 
twice with diethyl ether ( 2 x 50 ml). The combined organic phases was purified by 
chromatography on silica gel with dichloromethane and methanol (16 : 1) gave the 
30 title compound as an oil. Yield 4.0 g, 92%. 

Method K 

1'(6-Bromo-5-methoxv-3-pvridvl)-4-(te/t-butoxvcarbonvl)-homopiperazine 
(Compound 2K1) 

35 Bromosuccinimide (3.56 g t 20.0 mmol) was added to a mixture of 1-(5-methoxy-3- 
pyridyl)-4-tert-butoxycarbonyl homopiperazine (6.14 g, 20.0 mmol) and acetonitrile 
(200 ml) at room-temperature and stirred for 20 minutes. The mixture was evaporated 
and purified by chromatography on silica gel with ethyl acetate and petroleum (1:1) 
as solvent and gave 4.4 g, 57% of the title compound. 
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1 -(6-Bromo-5-propvloxv-3-pvridv0-4-( fe/?-butoxvcarbonvl)-homopiperazine 
(Compound 2K2) 

was prepared according to method K. 

5 

1 -(6-Bromo-5-vinvloxv-3~pvridyn-4-( terf-butoxycarbonvD-homopiperazine 
(Compound 2K3) 

was prepared according to method K. 

10 1 -(6-Chloro-5-vinvloxv-3-pyridvl)-4-( fe/f-butoxvcarbonvn-homopiperazine 
(Compound 2K4) 

was prepared according to method K using 1,3-dichloro-5,5-dimethylhydantoin as 
chlorinating agent. 

15 1-(3-Pyridyl)-1.5-diazacvclooctane fumaric acid salt (Compound 2K5) 

3-Fluoropyridine (3.0 g, 30.9 mmol), 1,5-diazacyclooctane (9.88 g, 30.9 mmol) and 
1,4-dioxane (3 ml) was heated to 160 °C in a sealed vessel for 18 hours. Aqueous 
sodium hydroxide (50 mi, 1M) was added and the mixture was extracted with ethyl 
acetate (3 x 40 ml). Purification by column chromatography yielded 5% of the title 

20 compound (0.30 g, 1.6 mmol) as an oil, which was converted to the corresponding 
fumaric acid salt. Mp. 137.7-141 .1°C. 

Homopiperazinvl-5-pyrid*3-vl-5-pvrid-3-vl-homopiperazine fumaric acid salt 
(Compound 2K6) 

25 1-(5-bromo-3-pyridyl)-homopiperazine (7.82 g, 30.5 mmol), hexamethylditin (5.17 g, 
15.3 mmol) and tetrakis(triphenylphosphine)palladium(0) (0.35 g, 0.3 mmol) was 
dissolved in 1,4-dioxane and heated at 100 °C for 48 h in an inert atmosphere. 
Additional tetrakis(triphenylphosphine)palladium(0) (0.35 g, 0.3 mmol) was added at 
room temperature and heating was continued for another 24 hours. Aqueous sodium 

30 hydroxide (25 ml, 1M) was added and the mixture was extracted with methylene 
chloride. Purification by column chromatography afforded 63% of the product (3.38 g, 
9.6 mmol) as an oil, which was converted to the corresponding fumaric acid salt. Mp. 
216.1°C. 

35 1-(6-Chloro-3-pvridvl)-homopiperazine fumaric acid salt (Compound 2K7) 

1-(6-Amino-3-pyridyl)-homopiperazine (96 mg, 0.5 mmol) was solved in cone, 
hydrochloric acid (2.0 ml). Sodium nitrite (45 mg, 0.65 mmol) was added at 0°C. The 
mixture was allowed to reach room-temperature and was stirred overnight. The 
mixture was poured out on water (20 ml) and was refluxed for 10 minutes. The 
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mixture was made alkaline by adding aqueous sodium hydroxide (1.0 ml, 4 M). The 
mixture was extracted with ethyl acetate (3 x 10 ml). The product was isolated as an 
oil. Yield 50 mg (47%). The free base was converted to the corresponding fumaric 
acid salt. Mp. 165-167°C. 

5 

1-(6-AminO"3-pyridvl)-homopiDerazine fumaric acid salt (Compound 2K8) 
1-(6-Nitro-3-pyridyl)-homopiperazine (1.5 g, 6.8 mmol), platinum dioxide (100 mg) and 
ethanol (200 ml, 99%) was stirred under hydrogen for 45 minutes until the theoretical 
volume (454 ml) was consumed. The crude mixture was filtered through celite. The 
10 mixture was purified by silica-column chromatography, using a mixture of methylene 
chloride : methanol (9:1) and 1% of ammonia as solvent Yield 1.1 g (85%). The 
corresponding salt was obtained by addition of a diethyl ether and methanol mixture 
(9:1) saturated with fumaric acid. Mp. 120-122°C. 

15 1-(6-Nitro-3-pvridvl)-homopiperazine fumaric acid salt (Compound 2K9) 

3-Bromo-6-nitro-pyridine (1.4 g, 6.9 mmol) and homopiperazine (2.1 g, 21 mmol) was 
mixed and stirred for 45 minutes at 70°C. The crude mixture was evaporated and 
purified by silica-column chromatography, using a mixture of methylene chloride : 
methanol (9:1) and 1% of ammonia as solvent. Yield 1.2 g (78%). The corresponding 

20 salt was obtained by addition of a diethyl ether and methanol mixture (9:1) saturated 
with fumaric acid. Mp. 223-225°C. 

3-Bromo-6-nitro-pvridine (Compound 2K10) 

Cone, sulphuric acid (90 ml) was added to hydrogen peroxide (60 ml, 10%) at 0°C. A 
25 mixture of 2-amino-5-bromopyridine (8.7 g, 50 mmol) and cone, sulphuric acid (120 
ml) was added slowly at 0°C. The mixture was stirred at room temperature for 18 
hours. The crude mixture was poured out on ice and crystals precipitated. The 
crystals were combined with sodium hydroxide (100 ml, 1M) and methylene chloride 
(100 ml). The product (according to GC-MS) was isolated from the organic phase. 
30 Yield 6.1 g (60%) Mp. 146-148°C. 

Example 3 
Biological Activity 

Nicotinic acetyl choline receptors in the brain are pentameric structures 
35 composed of subunits distinct from those found in skeletal muscles. The existence of 
seven ct-subunits (oc2-a7, ct9) and three p-subunits (P2-[J4) in the mammalian brain 
has been described. 

The predominant subtype with high affinity for nicotine is comprised of 04 
and p2 subunits. 
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The affinity of compounds of the invention for nicotinic acetyl choline 
receptors have been investigated in three test for in vitro inhibition of 3 H-epibatidine 
binding, 3 H-a-bungarotoxine binding and 3 H-cytisine binding as described below. 

5 In vitro inhibition of 3 H-cvtisine binding (Assay I) 

The predominant subtype with high affinity for nicotine is comprised of 
and p 2 subunits. nAChRs of the latter type can selectively be labelled by the nicotine 
agonist 3 H-cytisine. 

10 Tissue Preparation 

Preparations are performed at 0-4°C unless otherwise indicated. Cerebral 
corticies from male Wistar rats (150-250 g) are homogenised for 20 seconds in 15 ml 
Tris, HCI (50 mM, pH 7.4) containing 120 mM NaCI, 5 mM KCI, 1 mM MgCI 2 and 2.5 
mM CaCI 2 using an Ultra-Turrax homogeniser. The homogenate is centrifuged at 

15 27,000 x g for 10 minutes. The supernatant is discarded and the pellet is resuspended 
in fresh buffer and centrifuged a second time. The final pellet is resuspended in fresh 
buffer (35 ml per g of original tissue) and used for binding assays. 

Assay 

20 Aliquots of 500 pi homogenate are added to 25 pi of test solution and 25 pi 

of 3 H-cytisine (1 nM, final concentration), mixed and incubated for 90 minutes at 2°C. 
Non-specific binding is determined using (-)-nicotine (100 pM, final concentration). 
After incubation the samples are added 5 ml of ice-cold buffer and poured directly 
onto Whatman GF/C glass fibre filters under suction and immediately washed with 2 x 

25 5 ml ice-cold buffer. The amount of radioactivity on the fitters is determined by con- 
ventional liquid scintillation counting. Specific binding is total binding minus non- 
specific binding. 

In vitro inhibition of 3 H-epibatidine binding (Assay II) 

30 Epibatidine is an alkaloid that was first isolated from the skin of the 

Ecuadoran frog Epipedobates tricolor and was found to have very high affinity for 
neuronal nicotinic receptors, where it acts as a potent agonist. 3 H-epibatidine binds to 
two sites in rat brain, both of which have pharmacological profiles consistent with 
neuronal nicotinic receptors and a similar brain regional distribution [Hougling et a/.; 

35 Mol. Pharmacol. 1995 48 280-2871. 

The high affinity binding site for 3 H-epibatidine is most certainly binding to 
the ot4P 2 subtype of nicotinic receptors. The identity of the low affinity site is still 
unknown; does it represent a second nicotinic receptor or a second site in the same 
receptor. The inability of ot-bungarotoxine to compete for 3 H-epibatidine binding sites 
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indicates that neither site measured represents the nicotinic receptor composed of a 7 
subunits. 

Tissue preparation 

5 Preparations are performed at 0-4°C unless otherwise indicated. The 

forebrain (+ cerebellum) from a male Wistar rat (150-250 g) is homogenised for 10- 20 
seconds in 20 ml Tris, HCI (50 mM, pH 7.4) using an Ultra-Turrax homogeniser. The 
tissue suspension is centrifuged at 27,000 x g for 10 minutes. The supernatant is 
discarded and the pellet is washed three times by centrifugation at 27,000 x g for 10 
10 minutes in 20 ml fresh buffer, and the final pellet is resuspended in fresh buffer (400 
ml per g of original tissue) and used for binding assays. 

Assay 

Aliquots of 2.0 ml homogenate are added to 0.100 ml of test solution and 
15 0.100 ml of 3 H-epibatidine (0.3 nM, final concentration), mixed and incubated for 60 
minutes at room temperature. Non-specific binding is determined using (~)-nicotine (30 
pM, final concentration). After incubation the samples are poured directly onto 
Whatman GF/C glass fibre filters (pre-soaked in 0.1% PEI for at least 20 min) under 
suction and immediately washed with 2 x 5 ml ice-cold buffer. The amount of 
20 radioactivity on the filters is determined by conventional liquid scintillation counting. 
Specific binding is total binding minus non-specific binding. 

In vitro inhibition of 3 H-q-bunqarotoxine binding Rat brain (Assay III) 

a-Bungarotoxine is a peptide isolated from the venom of the Elapidae 
25 snake Bungarus multicinctus [Mebs et a/.; Biochem. Biophvs. Res. Commun. 1971 44 
(3) 711], and has high affinity for neuronal and neuromuscular nicotinic receptors, 
where it acts as a potent antagonist. 3 H-a-Bungarotoxine binds to a single site in rat 
brain with an unique distribution pattern in rat brain [Clarke et a/.; J. Neurosci. 1985 5 
1307-1315]. 

30 3 H-ct-Bungarotoxine labels nAChR formed by the ot7 subunit isoform found 

in brain and the cti isoform in the neuromuscular junction [Changeaux\ Fidia Res. 
Found. Neurosci. Found. Lect. 1990 4 21-168], Functionally, the oc 7 homo-oligomer 
expressed in oocytes has a calcium permeability greater than neuromuscular 
receptors and, in some instances greater than NMDA channels [Seguela et a/.; 

35 Neurosci. 1993 13 596-604]. 

Tissue preparation 

Preparations are performed at 0-4°C unless otherwise indicated. Cerebral 
cortices from male Wistar rats (150-250 g) are homogenised for 10 seconds in 15 ml 
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20 mM Hepes buffer containing 118 mM NaCI, 4.8 mM KCI, 1.2 mM MgS0 4 and 2.5 
mM CaCI 2 (pH 7.5) using an Ultra-Turrax homogeniser. The tissue suspension is 
centrifuged at 27,000 x g for 10 minutes. The supernatant is discarded and the pellet 
is washed twice by centrifugation at 27,000 x g for 10 minutes in 20 ml fresh buffer, 
5 and the final pellet is resuspended in fresh buffer containing 0.01% BSA (35 ml per g 
of original tissue) and used for binding assays. 

Assay 

Aliquots of 500 pi homogenate are added to 25 pi of test solution and 25 pi 
10 of 3 H-a-bungarotoxine (2 nM, final concentration), mixed and incubated for 2 h at 
37°C. Non-specific binding is determined using (-)-nicotine (1 mM, final concentra- 
tion). After incubation the samples are added 5 ml of ice-cold Hepes buffer containing 
0.05% PEI and poured directly onto Whatman GF/C glass fibre filters (pre-soaked in 
0.1% PEI for at least 6 h) under suction and immediately washed with 2 x 5 ml ice- 
15 cold buffer. The amount of radioactivity on the filters is determined by conventional 
liquid scintillation counting. Specific binding is total binding minus non-specific binding. 
The results of these experiments are presented in Table 1 below. 



Table 1 
20 In vitro Binding Activity 



Compound 


Assay I 
ICsofuM) 


Assay II 
ICsoOiM) 


Assay III 
IC50 (uM) 


1 -[5-(Butoxy)-3-pyridyl]-1 ,5-diazacyclooctane 
fumaric acid salt 


0.002 


0.003 


30.0 


1 -{5-Methoxy-3-pyridyl)-4-ethyl-piperazine fumaric 
acid salt 


0.46 


0.71 


30.0 


4-Ethyl- 1 -(5-propyloxy-3-pyridyl)-piperazine fumaric 
acid salt 


0.12 


0.38 


30.0 


1-(5-Ethoxy-3-pyridyl)-4-ethyl-homopiperazine 
fumaric acid salt 


0.061 


0.37 


>30.0 


1-(5-Ethoxy-3-pyridyl)-4-propyl-homopiperazine 
fumaric acid salt (NS3966 


0.26 


1.6 


85.0 


1 -{5-Ethoxy-3-pyridyl)-4-(prop-2-en-1 -yl-)- 
homopiperazine fumaric acid salt 


0.037 


0.23 


>30.0 


1-[5-(PropyM ,2-epoxy-1 -oxy)-3-pyridyl]- 
homopiperazine 


0.023 


0.040 


58.0 


1-(5-Phenylacetylenyl-3-pyridyl)-homopiperazine 
fumaric acid salt 


0.007 


0.005 


11.0 
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Compound 


Assay I 
ICsoOiM) 


Assay II 
IC50G1M) 


Assay III 
IC 5 o(uM) 


1 -(5,6-Dichloro-3-py ridy l)-homopiperazine fumaric 
acid salt 


0.004 


0.002 


<3.0 


1-(6-Bromo-5-chloro-3-pyridyl)-homopiperazine 
fumaric acid salt 


0.001 


0.002 


<3.0 


1-(5,6-Dibromo-3-pyridyl)-homopiperazine fumaric 
acid salt 


0.001 


0.001 


3.0 


1-(5-Bromo-6-chloro-3-pyridyl)-homopiperazine 
fumaric acid salt 


<0.030 


0.001 


<3.0 


1-[5-{2-Ethyl-1-butoxy)-3-pyridyl]-homopiperazine 
fumaric acid salt 


0.004 


0.013 


>30.0 


1-[5-(1-Methyl-1-prop-2-en-oxy)-3-pyridyl]- 
homopiperazine fumaric acid salt 


0.011 


0.052 


11.0 


1 -[5-(Cyclobutylmethoxy)-3-pyridyl]- 
homopiperazine fumaric acid salt 


0.001 


0.004 


>30.0 


1-[5-(Hex-2-en-oxy)-3-pyridyl]-homopiperazine 
fumaric acid salt 


0.006 


0.008 


47.0 


1-[5-(2-Methyl-1-prop-1-en-oxy)-3-pyridyl]- 
homopiperazine fumaric acid salt 


0.022 


0.020 


85.0 


1-[5-(N-Butyl-N-methylamino)-3-pyridyl]- 
homopiperazine fumaric acid salt 


0.28 


0.27 


85.0 


1-[5-(N-pyrrolidinyl)-3-pyridyl]-homopiperazine 
fumaric acid salt 


0.008 


0.040 


5.0 


1-(6-Bromo-3-pyridazinyl)-homopiperazine fumaric 
acid saK 


0.020 


0.070 


1.5 



These results show the excellent binding affinity and selectivity of the 
compounds of the invention for the nicotinic acetyl choline receptors, in particular the 
nAchR subtypes a4|32. 



